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7DEOHV
7DEOHV
7DEOH  &KDUDFWHULVWLF RI WKH 3XVK DQG 3XOO 3RUWLRQV RI 6XSSO\ &KDLQ ««««««
7DEOH  7KH VHWWLQJ RI WKUHH H[SHULPHQW«««««««««««««««««
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&KDSWHU
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2QH
2QH
,QWURGXFWLRQ
,QWURGXFWLRQ


3URMHFW
3URMHFW
UHTXLUHPHQW
UHTXLUHPHQW
7KLV GLVVHUWDWLRQ LV EDVHG RQ WKH UHTXLUHPHQW RI 5ROOV5R\FH SOF 7KH RULJLQDO
UHTXLUHPHQW LV WKH QHZ PDUNHW ODXQFK SODQ RI 5ROOV5R\FH DLUSODQH HQJLQH &XUUHQWO\
5ROOV5R\FH LV SODQQLQJ WR GHVLJQ D QHZ HQJLQH IRU  VHDWV %RHLQJ  DLUSODQH ZKLFK
LV WKH PRVW SRSXODU XVHG DLUSODQH LQ WKH ZRUOG ,Q IDFW PRVW %RHLQJ V DUH XVLQJ
*HQHUDO (OHFWULF DQG 6QHFPD RQ WKH &)0  HQJLQH EXW QRW 5ROOV5R\FH¶V SURGXFW 7R
FRPSHWH ZLWK *HQHUDO (OHFWULF RQH RI WKH ELJJHVW FKDOOHQJHV RI 5ROOV5R\FH LV OHDG WLPH
7KH OHDG WLPH RI HQJLQH PDQXIDFWXUH LV DERXW  \HDUV QRZ EXW WKH UHTXLUHPHQW RI %RHLQJ
LV  GD\V 7KXV WKLV LV DOVR WKH UHTXLUHPHQW RI WKLV GLVVHUWDWLRQ 7DNLQJ RXW D SODQ WR
GHFUHDVH OHDG WLPH RI  VHDWV HQJLQH XQWLO OHVV WKDQ  GD\V DQG H[SHULPHQWLQJ LWV
DYDLODELOLWLHV ZLWK WKH KHOS RI GDWDGULYHQ VLPXODWLRQ DUH WKH SURMHFW UHTXLUHPHQW IURP
5ROOV5R\FH
7KH LPSRUWDQFH RI WKLV SURMHFW FRXOG EH XQGHUVWRRG IURP WKH KXJH PDUNHW RSSRUWXQLW\ RI
%RHLQJ  6R IDU %RHLQJ  LV WKH RQH RI PRVW VXFFHVVIXO DLUSODQH LQ WKH ZRUOG ³:LWK
RYHU  RUGHUHG DQG RYHU  GHOLYHUHG LW LV WKH PRVW RUGHUHG DQG SURGXFHG
FRPPHUFLDO SDVVHQJHU MHW RI DOO WLPH DQG KDV EHHQ FRQWLQXRXVO\ PDQXIDFWXUHG E\ %RHLQJ
VLQFH  7KH  LV QRZ VR ZLGHO\ XVHG WKDW DW DQ\ JLYHQ WLPH WKHUH DUH RYHU 
DLUERUQH ZRUOGZLGH %RHLQJ ´
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

)LJXUH  %RHLQJ  RUGHU QXPEHUV IRUP  WR 
6RXUFH %RHLQJ 7HFKQLFDO 6LWH
)LJXUH  %RHLQJ  GHOLYHULHV IURP  WR 
6RXUFH %RHLQJ 7HFKQLFDO 6LWH
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)URP WKH )LJXUH  DQG )LJXUH  WKH GHPDQG RI %RHLQJ  LV VLJQLILFDQW $QG WKH
GHPDQG LV PXFK KLJKHU WKDQ WKH GHOLYHU\ UDWH RI %RHLQJ %XW XQIRUWXQDWHO\ DV WKH VHFRQG
ODUJHVW HQJLQH PDQXIDFWXUHU 5ROOV5R\FH KDV QR SURGXFW IRU WKH PRVW SRSXODU DLUSODQH LQ
WKH ZRUOG 7KH VXFFHVV LQ WKLV PDUNHW FRXOG WDNH D FRQVLGHUDEOH EHQHILW IRU 5ROOV5R\FH
HQJLQH $V D FRPSDQ\ WKDW KDYH VXFFHVVIXO H[SHULHQFH RQ PDQ\ %RHLQJ HQJLQHV VXFK DV
%RHLQJ  7UHQW  DQG %RHLQJ  7UHQW  5ROOV5R\FH VKRXOG KDYH HQRXJK
FRQILGHQW HLWKHU IRUP WHFKQRORJ\ VLGH RU VXSSO\ FKDLQ QHWZRUN 7KH RQO\ WKLQJ QHHG WR GR
LV GHVLJQ DQ HQJLQH ZKLFK PHHWV WKH UHTXLUHPHQWV RI %RHLQJ  2QH RI WKHVH
UHTXLUHPHQWV LV OLPLWHG RUGHU OHDG WLPH LQ  GD\V 7KLV LV DOVR WKH WDUJHW RI WKLV
GLVVHUWDWLRQ
7R DFKLHYH D VXSSO\ FKDLQ WDUJHW IRU D SURGXFW ZKLFK KDV QRW EHHQ GHVLJQHG VLPXODWLRQ LV
WKH RQO\ DSSURDFKDEOH PHWKRG 0RUHRYHU VLPXODWLRQ LV DOVR DQ HFRQRP\ PHWKRG %\
XVLQJ WKH H[LVWHG GDWD LQ 5ROOV5R\FH GDWDEDVH WKH VLPXODWLRQ FRXOG EH PRUH UHOLDEOH
'DWDGULYHQ VLPXODWLRQ LV D SHUIHFW PHWKRG WR OLQN (53 GDWD LQ 5ROOV5R\FH WR VLPXODWLRQ
PHWKRG ,Q DGGLWLRQ WKH GDWDGULYHQ VLPXODWLRQ FRXOG QRW RQO\ SURYLGH LQIRUPDWLRQ RI
KRZ VHDWHU HQJLQH VXSSO\ FKDLQ ZLOO SHUIRUPDQFH EXW DOVR GRLQJ H[SHULPHQW RQ LWV
PRGHO


$LP
$LP
DQG
DQG
REMHFWLYHV
REMHFWLYHV
$LP
$LP
ZRUN RXW WKH LPSURYHPHQW VXJJHVWLRQV IRU UHGXFLQJ OHDG WLPH RI  VHDWHU HQJLQH
ZLWK WKH KHOS RI GDWDGULYHQ VLPXODWLRQ
2EMHFWLYHV
2EMHFWLYHV
x 5HYLHZ WKH UHOHYDQW OLWHUDWXUH DERXW VXSSO\ FKDLQ PDQDJHPHQW DQG PRGHOLQJ DQG
VLPXODWLRQ
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

x 6LPXODWH WKH VXSSO\ FKDLQ RI  VHDW HQJLQH E\ XVLQJ FXUUHQW 7UHQW   PRGHO
x 8QGHUVWDQG 7UHQW   PRGHO ZLWK WKH KHOS RI GDWDGULYHQ VLPXODWLRQ
x (YDOXDWH WKH FXUUHQW 7UHQW   PRGHO IURP WKH OHDG WLPH SHUIRUPDQFH
x 7DNH RXW SRVVLEOH VROXWLRQV RI OLPLWHG OHDG WLPH LQ  GD\V
x ([SHULPHQW VROXWLRQV LQ GDWDGULYHQ VLPXODWLRQ
x 5HFRPPHQG KRZ WR LPSURYH  VHDWHU HQJLQH


'LVVHUWDWLRQ
'LVVHUWDWLRQ
VWUXFWXUH
VWUXFWXUH
7KLV GLVVHUWDWLRQ KDV  FKDSWHUV 7KH\ DUH LQWURGXFWLRQ OLWHUDWXUH UHYLHZ PHWKRGRORJ\
GDWD GULYHQ VLPXODWLRQ DQG GDWD FROOHFWLRQ VXSSO\ FKDLQ UHFRQVWUXFWLRQ SODQQLQJ DQG
VLPXODWLRQ H[SHULPHQW DQG FRQFOXVLRQ
&KDSWHU RQH LV LQWURGXFWLRQ ZKLFK LQWURGXFH WKH EDVLF LQIRUPDWLRQ RI GLVVHUWDWLRQ VXFK DV
WRSLF DLP DQG REMHFWLYHV DQG EDFNJURXQG LQIRUPDWLRQ
&KDSWHU WZR LV OLWHUDWXUH UHYLHZ ZKLFK LQYROYHV WZR SDUWV 3DUW RQH VWDWHV DOO UHOHYDQW
WKHRULHV DERXW WKLV UHVHDUFK IURP WKH VXSSO\ FKDLQ PDQDJHPHQW YLHZ 3DUW WZR LQWURGXFHV
WKH VLPXODWLRQ VLJKW RI WKLV GLVVHUWDWLRQ IURP EDVLF LGHD RI VLPXODWLRQ WR WKH VSHFLILF
VXSSO\ FKDLQ GDWDGULYHQ VLPXODWLRQ
&KDSWHU WKUHH LV PHWKRGRORJ\ 7KH UHVHDUFK PHWKRG RI  VHDWV VXSSO\ FKDLQ LPSURYLQJ
SURJUDP ZLOO EH SODQHG LQ WKLV FKDSWHU ZKLFK LQFOXGHV UHVHDUFK GHVLJQ UHVHDUFK SURFHVV
GDWD FROOHFWLRQ DQG WKH DSSOLFDELOLW\ RI SRVVLEOH VROXWLRQ
&KDSWHU IRXU DQG FKDSWHU ILYH LV WKH PRVW LPSRUWDQW SDUW RI WKLV GLVVHUWDWLRQ LQ RWKHU
ZRUGV WKH\ DUH WKH PDLQ ERG\ &KDSWHU IRXU ZLOO FRQFHQWUDWH RQ WKH WKHRUHWLFDO DSSURDFK
RI OHDG WLPH GHFUHDVLQJ SODQV VXFK DV WKH DQDO\VLV RI RULJLQDO VXSSO\ FKDLQ PRGHO
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GLVFXVVLRQ RI SRVVLEOH VROXWLRQV DQG WKH DSSURDFK PHWKRG VHOHFWLRQ &KDSWHU ILYH
LPSURYHV WKH VROXWLRQ RI FKDSWHU IRXU DQG SXW LW LQWR VLPXODWLRQ H[SHULPHQW 7KH RXWSXW
UHVXOW ZLOO DOVR EH GLVFXVVHG
&KDSWHU VL[ LV FRQFOXVLRQ FKDSWHU ,W ZLOO WDNH RXW WKH ILQDO FRQFOXVLRQ DQG
UHFRPPHQGDWLRQ RI WKLV GLVVHUWDWLRQ
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

&KDSWHU
&KDSWHU
7ZR
7ZR
/LWHUDWXUH
/LWHUDWXUH
5HYLHZ
5HYLHZ
7R DFKLHYH WKH WDUJHW RI UHGXFH OHDGLQJ WLPH RI 5ROOV5R\FH  VHDWHU HQJLQH NQRZOHGJH
IURP VXSSO\ FKDLQ PDQDJHPHQW DQG GDWHGULYHQ VLPXODWLRQ LV UHOHYDQW %HFDXVH RI WKH
IDFW WKDW  VHDWHU KDYH QRW EHHQ GHVLJQHG \HW DOO VLPXODWLRQV DQG VXSSO\ FKDLQ OLWHUDWXUH
UHYLHZ DUH RQO\ WKHRUHWLFDO DVVXPSWLRQ EDVHG (YHQ WKRXJKW WKH UHDOLW\ RI DSSOLFDEOH
DSSURDFK DOVR FRXOG EH SUDFWLFDO YDOXHG ZLWK WKH KHOS RI GDWD GULYHQ VLPXODWLRQ
,Q WKLV FKDSWHU WKH ILUVW SDUW FRQFHQWUDWHV RQ WKH WKHRU\ RI VXSSO\ FKDLQ ZKLFK UHODWHG WR
WKH UHGXFWLRQ RI OHDGLQJ WLPH 7KH DSSOLFDWLRQ RI VLPXODWLRQ LV GLVFXVVHG DV WKH VHFRQG
SDUW


6XSSO\
6XSSO\
&KDLQ
&KDLQ
0DQDJHPHQW
0DQDJHPHQW
³$ VXSSO\ FKDLQ PD\ EH GHILQHG DV DQ LQWHJUDWHG SURFHVV ZKHUH LQ D QXPEHU RI YDULRXV
EXVLQHVV HQWLWLHV LH 6XSSOLHUV PDQXIDFWXUHUV GLVWULEXWRUV DQG UHWDLOHUV ZRUN WRJHWKHU
LQ DQ HIIRUW WR  DFTXLUH UDZ PDWHULDOV  FRQYHUW WKHUH UDZ PDWHULDOV LQWR VSHFLILHG
ILQDO SURGXFWV DQG  GHOLYHU WKHVH ILQDO SURGXFWV WR UHWDLOHUV´ %HDPRQ  $V LV
GHVFULEHG E\ 3HWHU 0HLQGO  WKHUH DUH VLJQLILFDQW FRQQHFWLRQV EHWZHHQ VXSSO\ FKDLQ
LVVXHV DQG WKH VXFFHVV RI D ILUP
&XUUHQWO\ ZLWK WKH UDSLG GHYHORSPHQW RI WHFKQRORJ\ DQG JOREDO FRPPHUFH PRGHUQ
EXVLQHVV IDFHV D PXFK PRUH YDULRXV GHPDQG )URP WKLV SRLQW EXVLQHVV FRPSHWLWLRQ LV QRW
RQO\ KDSSHQHG DPRQJ VHSDUDWHG FRPSDQLHV EXW DOVR LQYROYHG XSVWUHDP DQG GRZQ VWUHDP
FRPSDQLHV DQG IXUWKHU PRUH UHODWHG WR GLIIHUHQW VXSSO\ FKDLQV $V D UHVXOW WKH VXSSO\
FKDLQ PDQDJHPHQW LQGLFDWHV D WDQJLEOH SUDFWLFH WR DGDSW PRGHUQ FRPSHWLWLRQV
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 6XSSO\ FKDLQ PDQDJHPHQW GHILQLWLRQ DQG EDFNJURXQG
³7KH VXSSO\ FKDLQ HQFRPSDVVHV DOO DFWLYLWLHV DVVRFLDWHG ZLWK WKH IORZ DQG WUDQVIRUPDWLRQ
RI JRRGV IURP WKH UDZ PDWHULDOV VWDJH H[WUDFWLRQ WKURXJK WR WKH HQG XVHU DV ZHOO DV WKH
DVVRFLDWHG LQIRUPDWLRQ IORZV 0DWHULDO DQG LQIRUPDWLRQ IORZ ERWK XS DQG GRZQ WKH VXSSO\
FKDLQ«$ QHW ZRUN RI RUJDQL]DWLRQV WKDW DUH LQYROYHG WKURXJK XSVWUHDP DQG GRZQVWUHDP
OLQNDJHV LQ WKH SURFHVVHV DQG DFWLYLWLHV WKDW SURGXFH YDOXH LQ WKH IRUP RI SURGXFWV DQG
VHUYLFHV LQ WKH KDQGV RI WKH XOWLPDWH FXVWRPHU´ +DQGILHOG	1LFKROV 
7KLV GHILQLWLRQ ZDV GHYHORSHG E\ 'DYLG 6LPFKL/HYL 3KLOLS .DPLQVN\ DQG (GLWK 6LPFKL
/HYL  LQ 0DQDJLQJ WKH 6XSSO\ &KDLQ 7KH 'HILQLWLYH *XLGH IRU WKH %XVLQHVV
3URIHVVLRQDO ³6XSSO\ FKDLQ PDQDJHPHQW LV SULPDULO\ FRQFHUQHG ZLWK WKH HIILFLHQW
LQWHJUDWLRQ RI VXSSOLHUV IDFWRULHV ZDUHKRXVHV DQG VWRUHV VR WKDQ PHUFKDQGLVH LV SURGXFHG
DQG GLVWULEXWHG LQ WKH ULJKW TXDQWLWLHV WR WKH ULJKW ORFDWLRQV DQG DW WKH ULJKW WLPH DQG VR DV
WR PLQLPL]H WRWDO V\VWHP FRVW VXEMHFW WR VDWLVI\LQJ VHUYLFH UHTXLUHPHQWV´ ,Q WKH RWKHU
KDQG ORJLVWLFDO PDQDJHPHQW DV DQRWKHU LPSRUWDQW GHILQLWLRQ UHODWHG WKH OHDGLQJ WLPH
UHVHDUFK FRXOG EH GHVFULEHG´LQFOXGH WKH GHVLJQ DQG DGPLQLVWUDWLRQ RI V\VWHPV WR FRQWURO
WKH IORZ RI PDWHULDO ZRUNLQSURFHVV DQG ILQLVKHG LQYHQWRU\ WR VXSSRUW EXVLQHVV XQLW
VWUDWHJ\´%RZHUVR[ 	 &ORVV 
)RU WKH UHODWLRQVKLS EHWZHHQ VXSSO\ FKDLQ PDQDJHPHQW DQG ORJLVWLF PDQDJHPHQW 'DYLG
)UHGHULFN 5RVV  VWDWHV ³«6&0 VXSSO\ FKDLQ PDQDJHPHQW KDV EHHQ LQVWUXPHQWDO
LQ PHUJLQJ PDUNHWLQJ DQG PDQXIDFWXULQJ ZLWK GLVWULEXWLRQ IXQFWLRQV WR SURYLGH WKH
HQWHUSULVH ZLWK QHZ VRXUFHV RI FRPSHWLWLYH VWUHQJWK ,Q DGGLWLRQ WKH DSSOLFDWLRQ RI 6&0
FDQ EH VHHQ LQ WKH SXUVXLW RI VKRUWHU F\FOH WLPH DQG UHGXFHG FKDQQHO FRVW´ ,Q RWKHU ZRUGV
VXSSO\ FKDLQ PDQDJHPHQW FRQVLGHUHG PXFK PRUH UHOHYDQW IDFWRUV H[SHFW ORJLVWLF
PDQDJHPHQW
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

8S WR  )RUUHVWHU  KDV QRWLFH WKH LQWHJUDWHG QDWXUH DPRQJ FRPSDQLHV LQVLGH
GLVWULEXWLRQ FKDQQHO ³PDQDJHPHQW LV RQ WKH YHUJH RI PDMRU EUHDNWKURXJK LQ
XQGHUVWDQGLQJ KRZ LQGXVWULDO FRPSDQ\ VXFFHVV GHSHQGV RQ WKH LQWHUDFWLRQV EHWZHHQ WKH
IORZV RI LQIRUPDWLRQ PDWHULDOV PRQH\ PDQSRZHU DQG FDSLWDO HTXLSPHQW 7KH ZD\ WKHVH
ILYH IORZ V\VWHP LQWHUORFN WR DPSOLI\ RQH DQRWKHU DQG WR FDXVH FKDQJH DQG IOXFWXDWLRQ
ZLOO IRUP WKH EDVLV IRU DQWLFLSDWLQJ WKH HIIHFWV RI GHFLVLRQV SROLFHV RUJDQL]DWLRQDO IRUPV
DQG LQYHVWPHQW FKRLFHV´ +H DOVR FRPHV RXW RI WKH LGHD XVLQJ FRPSXWHU WR VLPXODWH RUGHU
IORZ LQ HQWLUH FKDQQHO V\VWHP
,Q  'ROI =LOOPDQQ DQG -HQQLQJV %U\DQW  KDYH HPSKDVL]HG WKH ZHLJKWLQHVV RI
VXSSO\ FKDLQ ³$V LQ DQ\ HFRQRPLF HQWHUSULVH WKH NH\ IDFWRU LV ERWWRPOLQH SURILW IRU HDFK
RI WKH SDUWLHV DORQJ WKH VXSSO\ FKDLQ´ (YHQ WKRXJK WKH LPSRUWDQFH RI VXSSO\ FKDLQ KDV
QRW EHHQ QRWLFH XQWLO WKH ERRPLQJ RI JOREDO LQGXVWULDOL]DWLRQ $ 6DQ )UDQFLVFREDVHG
FRQVXOWLQJ ILUP ZKLFK LV IRXQG E\ 'U 6FRWW DQG 'U -DIIH  H[SDQGHG LW EXVLQHVV
DUHD WR VXSSO\ FKDLQ RSWLPL]DWLRQ 6FRWW 	 -DIIH 
7KH LPSRUWDQFH RI VXSSO\ FKDLQ KDV QRW EHHQ DFFHSWHG EURDGO\ XQWLO LWV KXJH VXFFHVV
DSSOLFDWLRQV VXFK DV LQ 'HOO DQG :DOOPDUW +DUULVRQ /HH DQG 1HDOH  7KH
IORXULVKLQJ RI VXSSO\ FKDLQ PDQDJHPHQW DSSOLFDWLRQV LQ PRGHUQ EXVLQHVV VKRXOG WKDQNV
VL[ IDFWRUV JOREDOLVDWLRQ PDVV FXVWRPL]DWLRQ FRUH FRPSHWHQFH DQG RXW VRXUFLQJ
HOHFWURQLF FRPPHUFH WKH ,QWHUQHW DQG HOHFWURQLF GDWD LQWHUFKDQJH DQG VXSSO\ FKDLQ
G\QDPLFV DQG HQYLURQPHQWDO SUHVVXUH :KLFKHU 
$ W\SLFDO VXSSO\ FKDLQ VWDJHV LQFOXGHV &XVWRPHUV UHWDLOV ZKROHVDOHUVGLVWULEXWRUV
PDQXIDFWXUHUV DQG FRPSRQHQWUDZ PDWHULDO VXSSOLHUV &KRSUD 	 0HLQGO  ,Q 
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WKH 6XSSO\ FKDLQ PDQDJHPHQW ZDV GHILQHG DV ³RYHUVLJKW RI PDWHULDOV LQIRUPDWLRQ DQG
ILQDQFHV DV WKH\ PRYH LQ D SURFHVV IURP VXSSOLHU WR PDQXIDFWXUHU WR ZKROHVDOHU WR UHWDLOHU
WR FRQVXPHU 6XSSO\ FKDLQ PDQDJHPHQW LQYROYHV FRRUGLQDWLQJ DQG LQWHJUDWLQJ WKHVH IORZV
ERWK ZLWKLQ DQG DPRQJ FRPSDQLHV ,W LV VDLG WKDW WKH XOWLPDWH JRDO RI DQ\ HIIHFWLYH VXSSO\
FKDLQ PDQDJHPHQW V\VWHP LV WR UHGXFH LQYHQWRU\ ZLWK WKH DVVXPSWLRQ WKDW SURGXFWV DUH
DYDLODEOH ZKHQ QHHGHG +D\GHQ :KHHOHU DQG 6FKXOW] ´
7DJH 6NM¡WW/DUVHQ DQG %LUJLW 'DP -HVSHUVHQ  IRUZDUG WKH VXSSO\ FKDLQ
PDQDJHPHQW FRQFHSW WR WKUHH FRPSRQHQWV QHWZRUN VWUXFWXUH EXVLQHVV SURFHVVHV DQG
PDQDJHPHQW 7KHLU UHODWLRQVKLSV FRXOG EH VKRZQ LQ ILJXUH 
0DQDJHPHQW
FRPSRQHQW
%XVLQHVV
3URFHVV
1HWZRUN
6WUXFWXUH
:KDW SURFHVV VKRXOG EH
OLQNHG ZLWK HDFK RI WKHVH NH\
VXSSO\ FKDLQ PHPEHUV"
:KDW OHYHO RI LQWHJUDWLRQ
DQG PDQDJHPHQW VKRXOG EH
DSSOLHG IRU HDFK SURFHVV
OLQN"
:KR DUH WKH NH\
VXSSO\ FKDLQ PHPEHUV"
 6XSSO\ FKDLQ VWUXFWXUHV
)URP WKH SRLQW YLHZ RI SURFHVV WKHUH DUH WZR EDVLF ZD\ WR LOOXVWUDWH VXSSO\ FKDLQ &\FOH
YLHZ DQG SXVKSXOO YLHZ &\FOH YLHZ GLYLGHG VXSSO\ FKDLQ LQWR D VHULHV RI F\FOHV VXFK DV
)LJXUH  &RPSRQHQWV RI WKH 6&0 FRQFHSW
6RXUFH 6XSSO\ &KDLQ 0DQDJHPHQW 0RUH WKDQ D QHZ QDPH IRU ORJLVWLFV /DPEHU
&RRSHU DQG 3DJK 
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

FXVWRPHU F\FOH UHSOHQLVKPHQW F\FOH PDQXIDFWXUH F\FOH DQG SURFXUHPHQW F\FOH 7KH
RWKHU YLHZ SXVKSXOO YLHZ GHILQHG VXSSO\ FKDLQ LQWR WZR FDWHJRULHV GHSHQGLQJ RQ WLPLQJ
RI WKHLU H[HFXWLRQ UHODWLYH WR D FXVWRPHU RUGHU &KRSUD 	 0HLQGO 
7DEOH  &KDUDFWHULVWLF RI WKH 3XVK DQG 3XOO 3RUWLRQV RI 6XSSO\ &KDLQ
6RXUFH 0DQDJLQJ WKH 6XSSO\ &KDLQ 7KH 'HILQLWLYH *XLGH IRU WKH %XVLQHVV 3URIHVVLRQDO
6LPFKL/HYL 	 .DPLQVN\ 
'DYLG 6LPFKL/HYL 3KLOLS .DPLQVN\ DQG (GLWK 6LPFKL/HYL  GHYHORSHG WKH
SXOOSXVK YLHZ DQG IRUZDUG LW LQWR WKUHH NLQG RI VXSSO\ FKDLQV SXVKEDVHG VXSSO\ FKDLQ
SXOOEDVHG VXSSO\ FKDLQ DQG SXVKSXOO VXSSO\ FKDLQ
3XVKEDVHG VXSSO\ FKDLQ DUH GHVFULEHG DV ³PDQXIDFWXUHU EDVHV GHPDQG IRUHFDVWV RQ
RUGHUV UHFHLYHG IURP UHWDLOHU¶V ZDUHKRXVH 6LPFKL/HYL 	 .DPLQVN\ ´ ,W LV
³DVVRFLDWHG ZLWK KLJK LQYHQWRU\ OHYHOV DQG KLJK PDQXIDFWXULQJ DQG KLJK WUDQVSRUWDWLRQ
FRVW GXH WR WKH QHHG WR UHVSRQG TXLFNO\ WR GHPDQG FKDQJH /\VRQV 	 )DUULQJWRQ 
³
³,Q WKH SXOOEDVHG VXSSO\ FKDLQ SURGXFWLRQ DQG GLVWULEXWLRQ DUH GHPDQGGULYHQ VR WKDW
WKH\ DUH FRRUGLQDWHG ZLWK WUXH FXVWRPHU GHPDQG UDWKHU WKDQ ZLWK IRUHFDVW GHPDQG
6LPFKL/HYL 	 .DPLQVN\ ´ ,Q RWKHU ZRUGV UHDO SXOOEDVHG VXSSO\ FKDLQ GRHV QRW
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KROG DQ\ LQYHQWRU\ $V D UHVXOW WKH XQFHUWDLQW\ RI GHPDQG FRXOG EH LJQRUHG DQG NHHSLQJ
D ORZ LQYHQWRU\ OHYHO FRXOG EH SRVVLEOH /\VRQV 	 )DUULQJWRQ 
7KH GHWDLO LQIRUPDWLRQ RI WKH VWUHQJWK DQG ZHDNQHVV EHWZHHQ 3XVKEDVHG VXSSO\ FKDLQ
DQG 3XOOEDVHG VXSSO\ FKDLQ LV OLVW LQ 7DEOH 
%HVLGH WKHVH WKH\ DOVR GLVFXVVHG DERXW WKH UHDOLW\ RI SXVKSXOO VXSSO\ FKDLQ ³LQ SXVK
SXOO VXSSO\ FKDLQ VRPH VWDJH RI WKH VXSSO\ FKDLQ W\SLFDOO\ WKH LQLWLDO VWDJHV DUH RSHUDWHG
LQ D SXVK SXVKEDVHG PDQQHU ZKHUHDV WKH UHPDLQLQJ VWDJH HPSOR\ D SXOOEDVHG
VWUDWHJ\6LPFKL/HYL 	 .DPLQVN\ ´
)LJXUH  3XVKSXOO VXSSO\ FKDLQV
6RXUFH 0DQDJLQJ WKH 6XSSO\ &KDLQ 7KH 'HILQLWLYH *XLGH IRU WKH %XVLQHVV 3URIHVVLRQDO
6LPFKL/HYL 	 .DPLQVN\ 
3XVKSXOO VXSSO\ FKDLQ PL[HG WKH SXVKEDVHG VXSSO\ FKDLQ DQG SXOOEDVHG VXSSO\ FKDLQ
$W WKH VDPH WLPH LW LQKHULW WKH ELJ SURGXFWLYLW\ DGYDQWDJH RI SXVKEDVHG VXSSO\ FKDLQ DQG
DOVR EHQHILW WKH ORZ FRVW DQG TXLFNO\ UHVSRQVH IURP SXOOEDVHG VXSSO\ FKDLQ %HFDXVH RI
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

WKH UHDOLW\ RI GLIIHUHQFHV RSHUDWLRQV SURFHVV D EXIIHU LQYHQWRU\ LV QHFHVVDU\ EHWZHHQ 3XVK
DQG 3XOO SDUWV +DUULVRQ 	 /HH 
 053 DQG (53
)LJXUH  $Q H[DPSOH RI 0DWHULDO 5HTXLUHPHQWV 3ODQQLQJ 053
6RXUFH 0DQXIDFWXULQJ 3ODQQLQJ $QG &RQWURO 6\VWHPV IRU 6XSSO\ &KDLQ 0DQDJHPHQW
 9ROOPDQQ 
%HVLGH WKH SXOO DQG SXVK VXSSO\ FKDLQ VWUDWHJ\ 053 PDWHULDO UHTXLUHPHQWV SODQQLQJ LV
DOVR SRSXODU XVHG DV D VXSSO\ FKDLQ VWUDWHJ\ 5ROOV5R\FH¶V VXSSO\ FKDLQ LV DOVR XVLQJ
053 VWUDWHJ\
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³0DWHULDO 5HTXLUHPHQWV 3ODQQLQJ 053 LV D VRIWZDUH EDVHG SURGXFWLRQ SODQQLQJ DQG
LQYHQWRU\ FRQWURO V\VWHP XVHG WR PDQDJH PDQXIDFWXULQJ SURFHVVHV $OWKRXJK LW LV QRW
FRPPRQ QRZDGD\V LW LV SRVVLEOH WR FRQGXFW 053 E\ KDQG DV ZHOO :DOGQHU ´
$Q 053 V\VWHP LV LQWHQGHG WR VLPXOWDQHRXVO\ PHHW  REMHFWLYHV :DOGQHU 
x (QVXUH PDWHULDOV DQG SURGXFWV DUH DYDLODEOH IRU SURGXFWLRQ DQG GHOLYHU\ WR
FXVWRPHUV
x 0DLQWDLQ WKH ORZHVW SRVVLEOH OHYHO RI LQYHQWRU\
x 3ODQ PDQXIDFWXULQJ DFWLYLWLHV GHOLYHU\ VFKHGXOHV DQG SXUFKDVLQJ DFWLYLWLHV
,Q RWKHU ZRUGV 053 LV D YHU\ SRSXODU IRUP RI 3XVK V\VWHP 6ODFN 	 /HZLV  ,WV
SKLORVRSK\ LV WKDW PDWHULDOV VKRXOG EH H[SHGLWHG KXUULHG ZKHQ WKH VFKHGXOH IDOOV EHKLQG
DQG SRVWSRQHV WKHLU QHHG &KDVH 
:LWK WKH GHYHORSPHQW RI 053 (53 (QWHUSULVH 5HVRXUFH 3ODQQLQJ ZDV GHYHORSHG ZLWK
WKH SRSXODUL]DWLRQ RI LQIRUPDWLRQ WHFKQRORJ\
)LJXUH  $ W\SLFDO (53 FXVWRPHU RUGHU SURFHVVLQJ
6RXUFH (53 DQG 6XSSO\ &KDLQ 0DQDJHPHQW 0DGX 	 .XH 
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

³(53 LV DQ LQGXVWU\ WHUP IRU WKH EURDG VHW RI DFWLYLWLHV VXSSRUWHG E\ PXOWLPRGXOH
DSSOLFDWLRQ VRIWZDUH WKDW KHOSV D PDQXIDFWXUHU RU RWKHU EXVLQHVV PDQDJH WKH LPSRUWDQW
SDUWV RI LWV EXVLQHVV LQFOXGLQJ SURGXFW SODQQLQJ SDUWV SXUFKDVLQJ PDLQWDLQLQJ
LQYHQWRULHV LQWHUDFWLQJ ZLWK VXSSOLHUV SURYLGLQJ FXVWRPHU VHUYLFH DQG WUDFNLQJ RUGHUV
(53 FDQ DOVR LQFOXGH DSSOLFDWLRQ PRGXOHV IRU WKH ILQDQFH DQG KXPDQ UHVRXUFHV DVSHFWV RI
D EXVLQHVV 7\SLFDOO\ DQ (53 V\VWHP XVHV RU LV LQWHJUDWHG ZLWK D UHODWLRQDO GDWDEDVH
V\VWHP 7KH GHSOR\PHQW RI DQ (53 V\VWHP FDQ LQYROYH FRQVLGHUDEOH EXVLQHVV SURFHVV
DQDO\VLV HPSOR\HH UHWUDLQLQJ DQG QHZ ZRUN SURFHGXUHV -DFTXHV ´ 0RUH
VSHFLILFDOO\ (53 LV D VRIWZDUH FRQWURO PHWKRG LQ RSHUDWLRQ DUHD
6$3 ZKLFK LV D FRPSDQ\ IRXQGHG LQ  LV WKH ZRUOG
V ODUJHVW EXVLQHVV VRIWZDUH
FRPSDQ\ DQG WKH WKLUGODUJHVW LQGHSHQGHQW VRIWZDUH SURYLGHU LQ WHUPV RI UHYHQXHV %DLORU
 ,WV SURGXFWV IRFXV RQ (53 ZKLFK LV DOVR FDOOHG DV 6$3 (53 V\VWHP
,Q IDFW 053 LV XVHG DV PDMRU PDWHULDO DQG FRPSRQHQWV VFKHGXOLQJ PHWKRG LQ 5ROO5R\FH
LQ WKH IRUP RI 6$3 5 Y  (53 V\VWHP 'DGOH\:HEE  ³5´ PHDQV UHDOWLPH
³´ VWDQGV IRU  WLHU FOLHQWVHUYHU DUFKLWHFWXUH GDWDEDVH OD\HUDSSOLFDWLRQ OD\HU
SUHVHQWDWLRQ OD\HU ZKLFK DUH GDWDEDVH DSSOLFDWLRQ VHUYHU DQG FOLHQW ZHE0HWKRGV

 ,QYHQWRU\ WKHRU\
³,QYHQWRU\ LV WKH VWRFN RI DQ\ LWHP RU UHVRXUFH XVHG LQ DQ RUJDQL]DWLRQ &KDVH ´
$OWKRXJK PRVW PRGHP RSHUDWLRQ WKHRULHV IRFXV RQ GHFUHDVLQJ LQYHQWRU\ OHYHO WR FRQWURO
FRVW DOO FRPSDQLHV VWLOO NHHS D VXSSO\ RI LQYHQWRU\ 5LFKDUG % &KDVH )5REHUW -DFREV
DQG 1LFKRODV - $TXLODQR  OLVW WKH UHDVRQ IRU KROGLQJ LQYHQWRU\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x 7R PDLQWDLQ LQGHSHQGHQFH RI RSHUDWLRQV
x 7R PHHW YDULDWLRQ LQ SURGXFW GHPDQG
x 7R DOORZ IOH[LELOLW\ LQ SURGXFWLRQ VFKHGXOLQJ
x 7R SURYLGH D VDIHJXDUG IRU YDULDWLRQ LQ UDZ PDWHULDO GHOLYHU\ WLPH
x 7R WDNH DGYDQWDJH RI HFRQRPLF SXUFKDVH RUGHU VL]H
%XW KROGLQJ LQYHQWRU\ DOVR FRVW D ORW LQ IRUPV RI KROGLQJ RU FDUU\LQJ FRVW VHWXS RU
SURGXFWLRQ FKDQJH FRVW RUGHULQJ FRVWV DQG VKRUWDJH FRVWV &KDVH 
 5 4 LQYHQWRU\ PRGHO
5 4 PRGHO LV DOVR FDOOHG UHFRUGHU TXDQWLW\ PRGHO ,Q WKLV PRGHO 4 XQLWV DUH RUGHUHG
ZKHQ WKH LQYHQWRU\ SRVLWLRQ UHDFKHV OHYHO 5 7KH 4 XQLWV DUULYH LQ VWRFN DIWHU OHDG WLPHW
7KH FRUH RI 5 4 PRGHO LPSOLFDWLRQ LV WKH GHFLVLRQ RI 5 DQG 4 ,Q 5 4 PRGHO WKH
GHFLVLRQ RI 5 DQG 4 FRXOG EH GHVFULEHG E\ IRUPXOD +DKPLDV 
K
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O VWDQGV IRU GHPDQG UDWH . LV IL[HG VHW XS FRVW K LV KROGLQJ FRVW SHU XQLW
 V 6 LQYHQWRU\ PRGHO
V 6 LV FDOOHG RUGHU XS WR OHYHO PRGHO ZKLFK RUGHU DQG DPRXQW WR EULQJ LW EDFN WR WDUJHW
OHYHO 6 ZKHQ WKH LQYHQWRU\ SRVLWLRQ UHDFKHV OHYHO V 7KH DPRXQW RI 6 DQG V FRXOG EH
FDOFXODWHG E\ WKH IRUPXOD RI 5 4 WKURXJK HDW V 5 DQG 6 54 +DKPLDV  %RWK
V 6 PRGHO DQG 5 4 PRGHO DUH YHU\ VLPLODU LI V 6 5 4 DUH IL[ QXPEHU %XW DFWXDOO\
DOO RI WKHP DUH DOVR FKDQJHG LQ GLIIHUHQW VHDVRQ DQG XSGDWHG UDSLGO\ &RPSDUHG ZLWK V 6
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

PRGHO 5 4 PRGHO ZDV IRXQG HDVLHU WR EH XQGHUVWRRG E\ PDQDJHU LQ SUDFWLVH
.DSXVFLQNL 
 %XOOZKLS HIIHFW
,Q WKH UHVHDUFK RI VXSSO\ FKDLQ WKHUH LV DQ LPSRUWDQW HIIHFW ZKLFK LQIOXHQFH VXSSO\
VWUDWHJ\ D ORW EHFDXVH WKH H[LVWHQFH RI LQYHQWRU\
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)LJXUH  %XOOZKLS HIIHFW DORQJ WKH OLQH RI )RUUHVWHU 
6RXUHU 6XSSO\ &KDLQ 0DQDJHPHQW DQG $GYDQFHG 3ODQQLQJ &RQFHSWV 0RGHOV 6RIWZDUH
DQG &DVH 6WXGLHV 6WDGWOHU 	 .LOJHU 
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

³6SHFLILFDOO\ WKH EXOOZKLS HIIHFWV OHDG WR LQHIILFLHQW UHVRXUFH XWLOL]DWLRQ EHFDXVH SODQQLQJ
DQG PDQDJLQJ DUH PXFK PRUH GLIILFXOW« LQ D SXVKEDVHG VXSSO\ FKDLQ ZH RIWHQ ILQG
LQFUHDVHG WUDQVSRUWDWLRQ FRVWV KLJK LQYHQWRU\ OHYHOV DQGRU KLJK PDQXIDFWXULQJ FRVW GXH
WR WKH QHHG IRU HPHUJHQF\ SURGXFWLRQ FKDQJHRYHUV 6LPFKL/HYL 	 .DPLQVN\ ´
7KH %XOOZKLS HIIHFW LV RQH RI PRVW HIIHFWLYH HOHPHQW LQ VXSSO\ FKDLQ SHUIRUPDQFH $OO
VXSSO\ FKDLQ VWUDWHJLHV LQFOXGH SXVK VWUDWHJ\ SXOO VWUDWHJ\ DQG 053 FRQVLGHUV LW DV DQ
LPSRUWDQW SDUWV .HQQHWK /\VRQV DQG %ULDQ )DUULQJWRQ  OLVW WKH PRVW FRPPRQ
GULYHUV RI EXOOZKLS DQG LW UHVXOWV LQ 3XUFKDVLQJ DQG 6XSSO\ &KDLQ 0DQDJHPHQW
7KH PRVW FRPPRQ GULYHUV
x 8QIRUHFDVWHG VDOHV SURPRWLRQV ZKLFK KDYH D ULSSOH HIIHFW WKURXJKRXW WKH VXSSO\
FKDLQ
x 6DOHV LQFHQWLYH SODQV ZKHQ H[WHQGHG WR VD\ WKUHH PRQWKV RIWHQ UHVXOW LQ VDOHV
GLVWRUWLRQ
x /DFN RI FXVWRPHU FRQILGHQFH LQ WKH DELOLW\ RI VXSSOLHUV WR GHOLYHU RUGHUV RQ WLPH
OHDGLQJ WR RYHURUGHULQJ
x &DQFHOODWLRQ RI RUGHU RIWHQ UHVXOWLQJ IURP SUHYLRXV RYHURUGHULQJ
x )UHLJKW LQFHQWLYH VXFK DV WUDQVSRUWDWLRQ GLVFRXQWV IRU YROXPH RUGHUV WKDW PD\
FDXVH FXVWRPHUV WR DFFXPXODWH RUGHUV DQG WKHQ RUGHU LQ EXON
,W LV PDLQO\ DFFUXH LQ WKH IRUHFDVWGULYHQ VXSSO\ FKDLQ DQG IRU WKH LQIOXHQFH IRU GHPDQG
GULYHQ VXSSO\ FKDLQ ZKLFK UHDFWV WR DFWXDO FXVWRPHU RUGHUV LV YHU\ OLWWOH /HH
3DGPDQDEKDQ 	 :KDQJ  ,W LV DOVR FRXOG FRQGXFW WKH UHVXOW 053 DQG 3XVK
VWUDWHJ\ FRXOG EH LQIOXHQFHG E\ EXOOZKLS HIIHFW DQG SXOO VWUDWHJ\ FRXOG EH GLVWXUEHG OLWWOH
 6XSSO\ FKDLQ SHUIRUPDQFH DQG 6&25 6XSSO\ &KDLQ 2SHUDWLRQV 5HIHUHQFH PRGHO
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6&25 6XSSO\ &KDLQ 2SHUDWLRQV 5HIHUHQFH LV D FURVVLQGXVWU\ VWDQGDUG IRU VXSSO\ FKDLQ
PDQDJHPHQW ZKLFK LV GHYHORSHG E\ 6XSSO\ &KDLQ &RXQFLO 6&& 7KH 6&& ZKLFK ZDV
HVWDEOLVKHG LQ  LV DQ LQGHSHQGHQW QRWIRUSURILW RUJDQL]DWLRQ %ROVWRUII 	
5RVHQEDXP 
6&25 LV D YHU\ SRSXODU VXSSO\ FKDLQ SHUIRUPDQFH WRRO ,W LQWHJUDWHG 3ODQ 6RXUFH 0DNH
'HOLYHU DQG 5HWXUQ ILYH GLVWLQFW PDQDJHPHQW SURFHVVHV %ROVWRUII 	 5RVHQEDXP 
x 3ODQ 3URFHVVHV WKDW EDODQFH DJJUHJDWH GHPDQG DQG VXSSO\ WR GHYHORS D FRXUVH RI
DFWLRQ ZKLFK EHVW PHHWV VRXUFLQJ SURGXFWLRQ DQG GHOLYHU\ UHTXLUHPHQWV
x 6RXUFH 3URFHVVHV WKDW SURFXUH JRRGV DQG VHUYLFHV WR PHHW SODQQHG RU DFWXDO
GHPDQG
x 0DNH 3URFHVVHV WKDW WUDQVIRUP SURGXFW WR D ILQLVKHG VWDWH WR PHHW SODQQHG RU
DFWXDO GHPDQG
x 'HOLYHU 3URFHVVHV WKDW SURYLGH ILQLVKHG JRRGV DQG VHUYLFHV WR PHHW SODQQHG RU
DFWXDO GHPDQG W\SLFDOO\ LQFOXGLQJ RUGHU PDQDJHPHQW WUDQVSRUWDWLRQ
PDQDJHPHQW DQG GLVWULEXWLRQ PDQDJHPHQW
x 5HWXUQ 3URFHVVHV DVVRFLDWHG ZLWK UHWXUQLQJ RU UHFHLYLQJ UHWXUQHG SURGXFWV IRU
DQ\ UHDVRQ 7KHVH SURFHVVHV H[WHQG LQWR SRVWGHOLYHU\ FXVWRPHU VXSSRUW
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

)LJXUH  6&25 IUDPHZRUN
6RXUFH 6XSSO\ &KDLQ ([FHOOHQFH $ +DQGERRN IRU 'UDPDWLF ,PSURYHPHQW 8VLQJ WKH
6&25 PRGHO %ROVWRUII 	 5RVHQEDXP 
$QG WKH SHUIRUPDQFH RI WKH GDWDGULYHQ VXSSO\ FKDLQ PRGHO ZLOO XVH WKLV PHWKRG


'DWH'ULYHQ
'DWH'ULYHQ
6LPXODWLRQ
6LPXODWLRQ
$QRWKHU LPSRUWDQW SRLQW RI WKLV GLVVHUWDWLRQ LV GDWDGULYHQ VLPXODWLRQ ,W LV WKH PDLQ
PHWKRG WR UHVHDUFK WKH  VHDWHU HQJLQH¶V VXSSO\ FKDLQ 7KH IROORZLQJ SDUWV ZLOO
LQWURGXFH WKLV PHWKRG VSHFLILFDOO\
 6LPXODWLRQ
6LPXODWLRQ LV ILUVW GHVFULEHG DV´ «IRU GLVWLQFWLRQ VDNH D GHFHLYLQJ E\ ZRUGV LV
FRPPRQO\ FDOOHG D O\H DQG D GHFHLYLQJ E\ DFWLRQV JHVWXUHV RU EHKDYLRU LV FDOOHG
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VLPXODWLRQ«6RXWK ´ ,W LV ZLGHO\ XVHG LQ PDQ\ DUHD WR VWDQG DQ LPLWDWLRQ RI VRPH
UHDO WKLQJ FLUFXPVWDQFH RU SURFHVV
7KH PRVW FRPPRQ PHWKRG RI VLPXODWLRQ LV XVLQJ PRGHO 0RGHO FRXOG EH FRQVLGHUHG DV
WKH SDWWHUQ RI UHDO V\VWHP ,Q WKLV GLVVHUWDWLRQ FRPSXWHU VLPXODWLRQ LV WKH UHOHYDQW WRSLF
&RPSXWHU VLPXODWLRQ FRXOG DOVR EH FDOOHG DV FRPSXWHU PRGHO RU D FRPSXWDWLRQDO PRGHO ,W
LV D NLQG RI FRPSXWHU SURJUDP WKDW DWWHPSWV WR VLPXODWH DQ DEVWUDFW PRGHO RI SDUWLFXODU
V\VWHP +DUWPDQQ ,W ³UHIHUV WR PHWKRGV IRU VWXG\LQJ D ZLGH YDULHW\ RI PRGHOV RI
UHDOZRUOG V\VWHPV E\ QXPHULFDO HYDOXDWLRQ XVLQJ VRIWZDUH GHVLJQHG WR LPLWDWH WKH
V\VWHP¶V RSHUDWLRQV RU FKDUDFWHULVWLFV RIWHQ RYHU WLPH.HOWRQ 6DGRZVNL 	 6WXUURFN
´,W LV ZLGHO\ XVHG LQ PDQ\ DUHDV
 $ERXW 'DWDGULYHQ VLPXODWLRQ
7KH LGHD RI GDWDGULYHQ VLPXODWLRQ LV XVLQJ WKH H[LVW GDWDEDVH WR GULYH WKH PRGHOLQJ
VRIWZDUH VR WKDW D PRGHO FRXOG EH GULYHQ E\ WKH RULJLQDO GDWDEDVH ,WV EHQHILW FRXOG EH
VKRZQ ZKHQ IDFH ODUJH DPRXQW RI GDWD LQ VLPXODWLRQ %XLOGLQJ PRGHO PDQXDOO\ LV D KDUG
ZRUN VSHQGV ORWV RI WLPH $W WKH VDPH WLPH WKH VLPXODWLRQ GULYHQ E\ GDWDEDVH FRXOG
LQFUHDVH WKH IOH[LELOLW\ RI VLPXODWLRQ PRGHO :KHQ GDWD FKDQJHG ORWV RI ZRUN FRXOG EH
GRQH DXWRPDWLFDOO\ ZLWKRXW FKDQJLQJ GDWD RQH E\ RQH :LWK WKH ZLGHO\ DSSOLFDWLRQ RI
LQIRUPDWLRQ WHFKQRORJ\ LW LV SRVVLEOH WR OLQN PRGHO WR WKH GDWDEDVH RI UHDO V\VWHP $ GDWD
GULYHQ PHWKRG IRU VLPXODWLQJ FORWKHV ZRUQ E\ ' FKDUDFWHUV LQ UHDOWLPH  ZKLFK LV
FUHDWHG E\ )UHGHULF &RUGLHU DQG 1DGLD 0DJQHQDW7KDOPDQQ  KDV H[WHQGHG WKH
GHYHORSPHQW RI GDWDGULYHQ LQ HQJLQHHULQJ VHFWRU ,Q GDWDGULYHQ VLPXODWLRQV ³WKH
SUHGLFWLRQV RI WKH VLPXODWLRQ DUH FRQWLQXDOO\ DGMXVWHG E\ DEVRUSWLRQ RI QHZ GDWD 7KH
XQGHUO\LQJ PRGHO RQ ZKLFK WKH VLPXODWLRQ LV EDVHG PD\ EH UHYLVHG DV D UHVXOW RI GDWD
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

DVVLPLODWLRQ ,W LV DOVR SRVVLEOH WKDW WKH VWDWHV SUHGLFWHG E\ WKH VLPXODWLRQ VKRXOG SOD\ D
UROH LQ VHOHFWLQJ WKH GDWD WR EH DEVRUEHG ,I VXFK LQWHUDFWLRQV EHWZHHQ VLPXODWLRQ DQG
UHDOLW\ DUH WR EH DXWRPDWHG WKH\ ZLOO UHTXLUH LQWHOOLJHQW VRIWZDUH WR PDQDJH WKHP
.HQQHG\ 	 7KHRGRURSRXORV ´ WKLV WHFKQRORJ\ DSSURDFK FRXOG EH GHVFULEHG DV
GDWDGULYHQ VLPXODWLRQ ,W HPSKDVL]HV WKH GHYHORSPHQW RI PRGHOV ZKLFK DUH GHSHQG RQ
GDWD PDLQWDLQHG DQG XQGHUVWRRG E\ WKH XVHU GHSDUWPHQW )UDQ] 
 'DWDGULYHQ VLPXODWLRQ LQ WKH VXSSO\ FKDLQ
)URP WKH RSHUDWLRQ YLHZV VLPXODWLRQ LV UHFRJQL]HG DV DQ LPSRUWDQW WRRO LQ WKH VXSSO\
FKDLQ UHVHDUFK 7KH GDWDGULYHQ VLPXODWLRQ RI WKLV GLVVHUWDWLRQ LV VWUXFWXUHG DV )LJXUH 
VKRZQ
0
0
RGHOOLQJ
RGHOOLQJ
RI
RI
WKH
WKH
VXSSO\
VXSSO\
FKDLQ
FKDLQ
,
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1
3
3
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8
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6
6
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8
8
7
7
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8
8
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6XSSO\ FKDLQ LQIRUPDWLRQ
3URGXFWV SURGXFW VWUXFWXUH
VXSSOLHUV
6XSSOLHU WHFKQLFDO FDSDELOLW\
DQG SHUIRUPDQFH &RVW OHDG
WLPH HWF
,QIRUPDWLRQ IURP HQWHUSULVH
V\VWHPV ,QYHQWRU\«
*UDSKLFDO UHSUHVHQWDWLRQ RI VXSSO\
FKDLQ QHWZRUN
(YDOXDWLRQ RI SHUIRUPDQFH RI WKH
HQWLUH VXSSO\ FKDLQ IRU SURGXFWV
&RPSDULVRQ RI SHUIRUPDQFHV RI
GLIIHUHQW VXSSOLHUV IRU SURGXFWV
&21752/6
&21752/6
0(&+$1,60
0(&+$1,60
6
6
2UGHU
TXDQWLW\
'HVLJQ
&KDQJH
&DSDFLW\ 5HVRXUFH
DYDLODELOLW\
2WKHU
FDSDELOLWLHV
)LJXUH  6WUXFWXUH RI WKH VXSSO\ FKDLQ PRGHOLQJ V\VWHP
6RXUFH 0RGHOLQJ WKH VXSSO\ FKDLQ 7DQQRFN 
$$
UHVHDUFK
UHVHDUFK
DERXW
DERXW
GDWDGULYHQ
GDWDGULYHQ
VLPXODWLRQ
VLPXODWLRQ
IRU
IRU
5ROOV5R\FH
5ROOV5R\FH


6HDWV
6HDWV
(QJLQH
(QJLQH
6XSSO\
6XSSO\
&KDLQ
&KDLQ

0RGHOLQJ RI WKH VXSSO\ FKDLQ LV WKH FRUH RI WKH ZKROH V\VWHP $URXQG LW LQSXWV RXWSXWV
FRQWURO DQG PHFKDQLVPV DUH IRXU W\SHV RI DUURZV 6XSSO\ FKDLQ LQIRUPDWLRQ VXSSOLHU
WHFKQLFDO FDSDELOLW\ DQG SHUIRUPDQFH LQIRUPDWLRQ IURP HQWHUSULVH DUH PDLQ LQSXWV RI
V\VWHP 2UGHU TXDQWLW\ DQG GHVLJQ FKDQJH DUH SURYLGHG DV FRQWURO SDUWV IURP WKH VLJKW RI
WKH ZKROH VXSSO\ FKDLQ $OO LQSXWV QHHG WR WKURXJK WKH PHFKDQLVPV SURFHVV ZKLFK
LQFOXGHV FDSDFLW\ UHVRXUFH DYDLODELOLW\ DQG RWKHU FDSDELOLWLHV WR DUULYHG RXWSXW DW ODVW
*UDSKLFDO UHSUHVHQWDWLRQ RI VXSSO\ FKDLQ QHWZRUN HYDOXDWLRQ RI SHUIRUPDQFH RI WKH HQWLUH
VXSSO\ FKDLQ IRU SURGXFWV FRPSDULVRQ RI SHUIRUPDQFHV RI GLIIHUHQW VXSSOLHUV IRU SURGXFWV
DUH FRQGXFWHG DV RXWSXW 7DQQRFN 
,Q PRGHOLQJ WKH VXSSO\ FKDLQ 7DQQRFN  LV DOVR SUHVFULEH DV GHVFULEHG EOHZ
0RGHOLQJ
0RGHOLQJ
$VVXPSWLRQV
$VVXPSWLRQV
x 7KH VXSSO\ FKDLQ PRGHOLQJ WDVN LV XQGHUWDNHQ IURP WKH YLHZSRLQW RI D V\VWHPV
LQWHJUDWRU RU SULPH FRQWUDFWRU 7KH PRGHO VKRZV WKH XSVWUHDP VXSSO\ FKDLQ IRU D
FRPSOHWH SURGXFW RU D SDUW RI D SURGXFW LH DQ DVVHPEO\
x 6XSSOLHU FRPSDQLHV ZLWKLQ WKH H[WHQGHG HQWHUSULVH SURYLGH WKH GDWD QHFHVVDU\ IRU
FDSDELOLW\ DVVHVVPHQW DQG VXSSO\ FKDLQ SHUIRUPDQFH HYDOXDWLRQ ,Q WKH 9,9$&(
FRQFHSW GDWD FRQFHUQLQJ HDFK VXSSOLHU ZLOO EH REWDLQHG IURP WKH ([WHQGHG
(QWHUSULVH &ROODERUDWLRQ +XE IDFLOLW\ WR EH GHYHORSHG E\ :3 
x $OO WKH FRPSDQLHV XVH WKH VDPH FRGHV DQG QDPHV HWF IRU WKH VDPH SURGXFW
x 6XSSOLHU FRPSDQLHV GR QRW KROG DQ\ VWRFN 7KH PRGHOLQJ IXQFWLRQDOLW\ FRXOG EH
H[WHQGHG WR WDNH DFFRXQW RI VWRFN E\ DGGLQJ WKLV LQIRUPDWLRQ RU LQWHJUDWLQJ ZLWK
FRPSDQ\ (536&0 V\VWHPV
x 7UDQVSRUWDWLRQ OHDGWLPH DQG DVVRFLDWHG FRVW IRU HDFK SURGXFW DUH FRQVWDQW 7KH
WUDQVSRUW OHDGWLPH DQG FRVW IXQFWLRQDOLW\ FRXOG EH H[WHQGHG WR EH GHWHUPLQHG E\
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

D FRPELQDWLRQ RI WKH ORFDWLRQ RI FXVWRPHUV WUDQVSRUWDWLRQ PRGH DQG RWKHU SURGXFW
FKDUDFWHULVWLFV VXFK DV VL]H DQG ZHLJKW
x /HDGWLPH IRU WKH SURGXFW RUGHUHG GHSHQGV RQ EDWFK RUGHU TXDQWLW\ )RU H[DPSOH
LI RUGHU TXDQWLW\ LV  OHDG WLPH IRU RUGHUV ZKLFK UHTXLUH  TXDQWLW\ RI WKH
SURGXFW LV WKH VDPH
'DWD
'DWD
UHTXLUHPHQWV
UHTXLUHPHQWV
RI
RI
WKH
WKH
PRGHO
PRGHO
 %DVHG RQ WKH REMHFWLYHV DQG VFRSH RI PRGHOOLQJ WKH
QHFHVVDU\ GDWD PXVW EH GHILQHG WR LPSOHPHQW WKH PRGHO E\ XVLQJ D GDWDEDVH V\VWHP 7KH
UHTXLUHPHQWV FDQ EH VXPPDULVHG LQ WKUHH FDWHJRULHV
x %DVLF GDWD SURGXFW DQG VXSSOLHU LQIRUPDWLRQ ZLOO EH QHHGHG 3URGXFW GDWD LV EDVHG
RQ WKH %LOO RI 0DWHULDOV %20 SDUWV H[SORVLRQ ,W VKRXOG LQFOXGH W\SH RI SURGXFW
IRU HDFK SURGXFW WR LQWHJUDWH WKH SURGXFW LQWR VXSSO\ FKDLQ
x 6XSSO\ FKDLQ GDWD VXSSO\ FKDLQ GDWD VKRXOG EH DEOH WR UHSUHVHQW SURGXFW VWUXFWXUH
DV ZHOO DV VXSSO\ FKDLQ LQIRUPDWLRQ LQ WHUPV RI VXSSOLHUV ZKLFK SURYLGH RU FDQ
SURYLGH HDFK LWHP LQ WKH SURGXFW KLHUDUFK\ ,Q DGGLWLRQ WKH GDWD VKRXOG EH DEOH
WR DFFRPPRGDWH SURGXFW RSWLRQDO FRQILJXUDWLRQV DQG DOWHUQDWH VXSSOLHUV LQ RUGHU
WR LQFUHDVH IOH[LELOLW\ IRU PRGHOOLQJ SRVVLEOH VXSSO\ FKDLQV
x 6XSSOLHU SHUIRUPDQFH GDWD NH\ PHWULFV WR PHDVXUH VXSSOLHU SHUIRUPDQFH ,Q
SDUWLFXODU LQIRUPDWLRQ RQ FRVW DQG OHDGWLPH DUH LPSRUWDQW DQG RWKHU SHUIRUPDQFH
PHWULFV HJ TXDOLW\ GHOLYHU\ UHOLDELOLW\ VKRXOG DOVR EH SURYLGHG 2UGHU TXDQWLW\
PD\ KDYH D VLJQLILFDQW LPSDFW RQ WKH GHOLYHU\ SHUIRUPDQFH RI D VXSSOLHU VR WKDW
GLIIHUHQWLDO WLPH DQG FRVW LQIRUPDWLRQ EDVHG RQ RUGHU TXDQWLW\ VKRXOG EH DYDLODEOH
 6XSSO\ &KDLQ 0RGHO %XLOGHU
$$
UHVHDUFK
UHVHDUFK
DERXW
DERXW
GDWDGULYHQ
GDWDGULYHQ
VLPXODWLRQ
VLPXODWLRQ
IRU
IRU
5ROOV5R\FH
5ROOV5R\FH


6HDWV
6HDWV
(QJLQH
(QJLQH
6XSSO\
6XSSO\
&KDLQ
&KDLQ

6XSSO\ &KDLQ 0RGHO %XLOGHU 6&0% LV WKH PRVW LPSRUWDQW WRRO LQ WKLV GLVVHUWDWLRQ ,W LV
HVWDEOLVKHG RQ WKH UHVHDUFK RI VXSSO\ FKDLQ GDWDGULYHQ VLPXODWLRQ 0RUH DFFXUDWHO\ LW LV
WKH SK\VLFDO DSSURDFK RI VXSSO\ FKDLQ GDWDGULYHQ VLPXODWLRQ 7KH ODWHVW YHUVLRQ RI
6&0% LV YHU 7KH UXQQLQJ RI WKLV PRGHO QHHGV WKH FRUUHVSRQGLQJ 0LFURVRIW
$VVHVV GDWDEDVH VXSSRUW 7KH GHWDLO RI 6&0% ZLOO EH GLVFXVVHG EHORZ
x $ERXW WKH EDVLF VWUXFWXUH RI 6&0%
7KH 6&0% LV EXLOW RQ WKH EDVH RI 6XSSO\ FKDLQ GDWDEDVH EXW LW LV QRW DOO WKH HOHPHQWV RI
VXSSO\ FKDLQ PRGHO EXLOG ,QGHHG VXSSO\ FKDLQ PRGHO EXLOG LV D WUDQVODWRU ZKR WUDQVODWHV
LQIRUPDWLRQ IURP WKH VXSSO\ FKDLQ GDWDEDVH DQG H[SUHVVHG LW LQ $UHQD 6LPXODWLRQ
)LJXUH  6&0% VWUXFWXUH
6RXUFH 6XSSO\ &KDLQ 0RGHO %XLOGHU 8VHU 0DQXDO &DR 

6XSSO\&KDLQ
6XSSO\&KDLQ
0RGHO%XLOGHU
0RGHO%XLOGHU




6XSSO\
6XSSO\
&KDLQ
&KDLQ
'DWDEDVH
'DWDEDVH


'DWDHQWU\LQTXLU\
'DWDHQWU\LQTXLU\


'LVSOD\VXSSO\
'LVSOD\VXSSO\
FKDLQ
FKDLQ


6XSSOLHU
6XSSOLHU
'DWD
'DWD
&ROODERUDW
&ROODERUDW
LRQ+XE
LRQ+XE


$UHQD6LPXODWLRQ
$UHQD6LPXODWLRQ
RI6XSSO\&KDLQ
RI6XSSO\&KDLQ
RSHU
RSHU
DWLRQV
DWLRQV


6XSSO\&KDLQ
6XSSO\&KDLQ
3HUIRUPDQFH
3HUIRUPDQFH
5HSRUWLQJ
5HSRUWLQJ


%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

)LJXUH  LV WKH 6&0% VWUXFWXUH 7KH XSSHU VTXDUH LQ WKH PLGGOH RI WKLV ILJXUH LV WKH XVHU
LQWHUIDFH RI WKH 6&0% WKH FROXPQ EORZ LV WKH DVVRFLDWH $FFHVV GDWDEDVH 7KURXJK WKH
GDWD HQWU\ 6&0% FRXOG GLVSOD\ WKH VXSSO\ FKDLQ :KHQ GRLQJ VLPXODWLRQ 6&0% FRXOG
UHSUHVHQW DQ LQWHUQDO GDWDEDVH IRU VXSSO\ FKDLQ PRGHO $QG DQ DUHQD VLPXODWLRQ RI VXSSO\
FKDLQ RSHUDWLRQV FRXOG EH EXLOG $ VXSSO\ FKDLQ SHUIRUPDQFH UHSRUW FRXOG RXWSXW E\
UXQQLQJ WKH DUHQD PRGHO
x $ERXW WKH GDWDEDVH VWUXFWXUH RI 6&0%
7R EXLOG D PRGHO E\ 6&0% GDWDEDVH ZLWK QHFHVVDU\ LQIRUPDWLRQ DERXW VXSSO\ FKDLQ LV
GHPDQGHG 7KH GDWDEDVH GRFXPHQW ZKLFK LV SURYLGHG LV DQ ([FHO GRFXPHQW 8VLQJ WKH
DOUHDG\ H[LVWHG SURJUDP LQVLGH DQ DFFHVVHG GRFXPHQW FRXOG EH SURYLGHG 7KHUH DUH 
WDEOHV LQ WKLV GRFXPHQW ZKLFK DUH DSSOLFDWLRQBRSWLRQV GHPDQG LQYHQWRU\BSDUDPHWHU
RUGHUBSURFHVVBWLPH SODQQLQJBDQGBGHOLYHU\BZLQGRZ SURGXFW SURGXFWBRSWLRQ
SURGXFWBRSWLRQBGHVF SURGXFWBVXSSO\BFKDLQ SURGXFWLRQBVFKHGXOH USWBSHUIRUPDQFH
USWBVXSSO\BFKDLQ VFKHPDBILHOGBOD\RXW VXSSOLHU VXSSOLHUBSHUIRUPDQFH
VXSSOLHUBSHUIRUPDQFHBE\BTW\ DQG WUDQVSRUW ,Q WKHVH WDEOHV DOO LQIRUPDWLRQ RI 7UHQW 
 PRGHO KDV EHHQ SURYLGHG DV WKH UHTXLUHPHQW RI 6&0%
)LJXUH  DQG ILJXUH  DUH WKH UHODWLRQVKLS EHWZHHQ GLIIHUHQW WDEOHV LQ GDWDEDVH
GRFXPHQWV
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3URGXFWBVXSSO\BFKDLQ
3URGXFWBVXSSO\BFKDLQ
6XSSOLHUBFRGH
3URGXFWBFRGH
6XEBSURGBFRGH
4W\
&RPSXOVRU\
9ROBGHSHQGHQW
6FUDSBUDWH
6XSSOLHGBE\
3URGXFW
3URGXFW
3URGXFWBFRGH
3URGXFWBQDPH
'HVFULSWLRQ
3URGXFWBW\SH
6
6
XSSOLHU
XSSOLHU
6XSSOLHUBFRGH
6XSSOLHUBQDPH
$GGUHVV
3RVWBFRGH
&RXQWU\
3URGXFWBRSWLRQ
3URGXFWBRSWLRQ
6XSSOLHUBFRGH
3URGXFWBFRGH
2SWLRQBFRGH
6XEBSURGBFRGH
4W\
9ROBGHSHQGHQW
6FUDSBUDWH
6XSSOLHGBE\
3URGXFWBRSWLRQBGHVF
3URGXFWBRSWLRQBGHVF
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2SWLRQBFRGH
4W\
2SWLRQBGHVF
&RPSXOVRU\
3URGXFWB
3URGXFWB
3URGXFWBFRGH
3URGXFWBQDPH
'HVFULSWLRQ
3URGXFWBW\SH
6
6
XSSOLHUB
XSSOLHUB
6XSSOLHUBFRGH
6XSSOLHUBQDPH
$GGUHVV
3RVWBFRGH
&RXQWU\
3URGXFWB
3URGXFWB
3URGXFWBFRGH
3URGXFWBQDPH
'HVFULSWLRQ
3URGXFWBW\SH
)LJXUH  5HODWLRQVKLS UHOHYDQW WR VXSSO\ FKDLQ WDEOH
6RXUFH 6XSSO\ &KDLQ 0RGHO %XLOGHU 8VHU 0DQXDO &DR 
6XSSOLHUBSHUIRUPDQFH
6XSSOLHUBSHUIRUPDQFH
6XSSOLHUBFRGH
3URGXFWBFRGH
3ULFH
7RWDOBFRVW
«
«
7RWDOBOHDGWLPH
«
«
3URGXFW
3URGXFW
3URGXFWBFRGH
3URGXFWBQDPH
'HVFULSWLRQ
3URGXFWBW\SH
6
6
XSSOLHU
XSSOLHU
6XSSOLHUBFRGH
6XSSOLHUBQDPH
$GGUHVV
3RVWBFRGH
&RXQWU\
6XSSOLHUBSHUIRUPDQFHBE\BTW\
6XSSOLHUBSHUIRUPDQFHBE\BTW\
6XSSOLHUBFRGH
3URGXFWBFRGH
2UGHUBTW\
3ULFH
8SVWUHDPBFRVW
«
«
)LJXUH  5HODWLRQVKLS UHOHYDQW WR VXSSO\ SHUIRUPDQFH WDEOH
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

6RXUFH 6XSSO\ &KDLQ 0RGHO %XLOGHU 8VHU 0DQXDO &DR 
7KH 6&0% XVHV WKH WHFKQLTXH RI PXOWLSOH GRFXPHQW LQWHUIDFHV 0', LQ RUGHU WR GLVSOD\
VHYHUDO GLIIHUHQW UHSUHVHQWDWLRQV RI WKH VXSSO\ FKDLQ (DFK GRFXPHQW UHSUHVHQWV D IRUP RI
WKH VXSSO\ FKDLQ ZKLFK KDV D WUHH YLHZ RQ WKH OHIW VKRZLQJ KLHUDUFKLFDO VWUXFWXUH RI WKH
VXSSO\ FKDLQ DQG WZR OLVW YLHZV RQ WKH ULJKW VKRZLQJ SURGXFW VXSSO\ FKDLQ DQG
SHUIRUPDQFH LQIRUPDWLRQ IRU WKH SURGXFW RU VXSSOLHU VHOHFWHG RQ WKH WUHH YLHZ &DR

 2WKHU UHOHYDQW LQIRUPDWLRQ
x 7KH VLPXODWLRQ UXQQLQJ HQYLURQPHQW
R +DUGZDUH 3ODWIRUP
$OO SURJUDPV LQFOXGLQJ 5RFNZHOO $UHQD DQG 6&0% DQG WKH GDWDEDVH DUH UXQ
DW WKH ,%0 7 .+ ODSWRS FRPSXWHU WKH GHWDLO RI KDUG KDUGZDUH
LQIRUPDWLRQ LV OLVWHG
&38 ,QWHU 3HQWLXP 0 'RWKDQ 3URFHVVRU  *
0HPRU\  *
+DUG GLVN  *
R 6RIWZDUH 3ODWIRUP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
:LQGRZV ;3 SURIHVVLRQDO 9HUVLRQ  6HUYLFH 3DFN 
)LJXUH  +DUGZDUH DQG 6RIWZDUH SODWIRUP
R 2WKHU VRIWZDUH LQIRUPDWLRQ
7KH 5RFNZHOO $UHQD LV D WUXH 0LFURVRIW :LQGRZV RSHUDWLQJ V\VWHP
DSSOLFDWLRQ ,W LV SRZHUIXO VLPXODWLRQ VRIWZDUH 7KH $UHQD XVHG LQ WKLV
GLVVHUWDWLRQ LV YHUVLRQ  7KH XVH OLFHQVH LV DXWKRUL]HG E\ 5ROOV5R\FH
7KH 6XSSO\ FKDLQ PRGHO EXLOGHU LV DOVR DXWKRUL]HG E\ 5ROOV5R\FH DQG WKH
YHUVLRQ LV  7R KHOS WKH UHVHDUFK LQ WKLV GLVVHUWDWLRQ 'U %LQJ &DR KDV
LPSURYHG LW ZLWK DGGLQJ 053 )LQLVK SURGXFW LQYHQWRU\ PRGHO LQ LW
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

&KDSWHU
&KDSWHU
7KUHH
7KUHH
0HWKRGRORJ\
0HWKRGRORJ\


5HVHDUFK
5HVHDUFK
'HVLJQ
'HVLJQ
7R VROYH WKH OHDG WLPH SUREOHP RI 5ROOV5R\FH  VHDWHU HQJLQH D UHVHDUFK GHVLJQ LV
QHFHVVDU\ WR WDNH RXW DW ILUVW 7KURXJK WKH SURMHFW UHTXLUHPHQW DQG WKH VFRSH RI
GLVVHUWDWLRQ WRSLF GDWDGULYHQ VLPXODWLRQ LV WKH PDMRU UHVHDUFK WRRO LQ DOO UHVHDUFK SURFHVV
,W FRPHV ZLWK WKH ZKROH SURFHVV RI WKLV GLVVHUWDWLRQ
,Q WKH RWKHU VLGH WKH PDMRU DLP RI WKLV SURMHFW LV WR LPSURYH VXSSO\ FKDLQ LQ RUGHU WR
DFKLHYH PDUNHW SHUIRUPDQFH RI 5ROO5R\FH 7KH GDWDGULYHQ VLPXODWLRQ LV RSHUDWHG EHIRUH
DQ\ SK\VLFDO H[HFXWLYH RI UHDO  VHDWHU HQJLQH &XUUHQWO\ WKH GDWDGULYHQ RI 7UHQW 
 PRGHO UXQV DOPRVW WKH VDPH DV WKH UHDO VLWXDWLRQ 7KLV SURYHG WKDW WKH GDWDGULYHQ
VLPXODWLRQ LV D HIILFLHQF\ UHVHDUFK WRRO RI FXUUHQW VXSSO\ FKDLQ DQG DQ\ LPSURYHPHQW RI
WKLV VXSSO\ FKDLQ KDV SUDFWLFDO PHDQLQJ LQ WKH IXWXUH ,Q RWKHU ZRUGV LW LV WKH EDVLF RI DOO
UHVHDUFK
,Q VXPPDU\ WKH WDUJHW RI UHVHDUFK LV WR LPSURYH WKH VXSSO\ FKDLQ RI  VHDWHU HQJLQH DQG
WKH PDMRU PHWKRG LV GDWDGULYHQ VLPXODWLRQ 2QFH XQGHUVWDQGLQJ WKHVH WZR SRLQWV WKH
UHVHDUFK GHVLJQ FRXOG EH WDQJLEOH
 3ULQFLSDOV RI UHVHDUFK GHVLJQ
)LUVW RI DOO WKH GDWDGULYHQ VLPXODWLRQ LV D TXDQWLWDWLYH UHVHDUFK PHWKRG
$W WKH ILUVW JODQFH WKH EDVLF PHWKRG RI UHVHDUFK FRXOG FODVVLILHG E\ TXDQWLWDWLYH UHVHDUFK
DQG TXDOLWDWLYH UHVHDUFK 5HPHQ\L  4XDQWLWDWLYH UHVHDUFK LV W\SLFDOO\ WDNHQ WR EH
H[HPSOLILHG E\ VRFLDO VXUYH\ DQG E\ H[HPSOLILHG REVHUYDWLRQ 4XDOLWDWLYH UHVHDUFK WHQGV
WR DVVRFLDWHG SDUWLFLSDQW REVHUYDWLRQ DQG XQVWUXFWXUHG LQGHSWK LQWHUYLHZ %U\PDQ 
7KH LPSOHPHQWDWLRQ RI WKHVH WZR PHWKRGV ZLOO GHFLGH WKH ZD\ DQG WKH UHVXOW RI UHVHDUFK
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$QG DV LV GHVFULEHG DW EHJLQQLQJ RI WKLV FKDSWHU WKH PHWKRG RI WKLV GLVVHUWDWLRQ LV GDWD
GULYHQ VLPXODWLRQ )URP WKH VLJKW RI GDWDEDVH GHSHQGDELOLW\ WKH PDWKHPDWLF DSSURDFK LQ
WKH VLPXODWLRQ SURFHVV DQG WKH QXPHULFDO UHVXOW RI VLPXODWLRQ H[SHULPHQW GDWDGULYHQ
VLPXODWLRQ LWVHOI ZLWK RXW DQ\ GRXEW LV WKH TXDQWLWDWLYH UHVHDUFK PHWKRG
6HFRQGO\ LQ ZKDW H[WHQW WKH UHVXOW RI GDWDGULYHQ VLPXODWLRQ ZLOO EH VXLWDEOH WR JXLGH UHDO
RSHUDWLRQ RI  VHDWHU HQJLQH 6R IDU WKHUH LV QR DQ\ GDWD DERXW  VHDWHU HQJLQH $OO
WKH VLPXODWLRQ GDWD DUH IURP 7UHQW   PRGHO $QG DQ LPSRUWDQW SRLQW LV LQ WKLV
GLVVHUWDWLRQ WKH 7UHQW   PRGHO LV K\SRWKHVL]HG WR EH WKH  VHDWHU %RHLQJ 
HQJLQH $QRWKHU TXHVWLRQ DERXW WKH VLPLODULWLHV EHWZHHQ 7UHQW   PRGHO DQG 
VHDWHU HQJLQH LV VLJQLILFDQW UHODWHG WR WKH UHOLDELOLW\ RI UHVHDUFK UHVXOW
)RU WKH DSSOLFDELOLW\ RI WKH GDWDGULYHQ VLPXODWLRQ IRU  VHDWHU HQJLQH VXSSO\ FKDLQ WKH
GDWDGULYHQ VLPXODWLRQ KDV D ORW RI VXFFHVVIXO H[SHULHQFH LQ PDQ\ SURGXFWV HVSHFLDOO\
WKHVH LQFOXGHG WKH 7UHQW  DQG 7UHQW  RI 5ROOV5R\FH 7KH SUDFWLFH RI WKHVH
VLPXODWLRQ H[SHULHQFHV SURYHG WKH UHDGDELOLW\ RI GDWDGULYHQ VLPXODWLRQ LQ VXSSO\ FKDLQ
IURP WKH SUDFWLFDO YLHZ ,Q DGGLWLRQ WKH GDWDGULYHQ VLPXODWLRQ LV GHVLJQHG IRU 7UHQW 
LV EDVHG RQ WKH UHVHDUFK RI LWV VXSSO\ FKDLQ SURFHVV DQG DOPRVW DOO GDWD DUH IURP WKH 5ROOV
5R\FH GDWDEDVH 7KH LQSXW DQG WKH SURFHVV RI WKLV PHWKRGV DUH FUHGLWDEOH PRUHRYHU WKH
RXWSXWV UHVXOWV KDYH EHHQ LQVSHFWHG WKH VDPH DV SUDFWLFH
7KH RWKHU WKLQJ QHHG WR EH PHQWLRQHG WKH DERXW 7UHQW   PRGHO DQG  VHDWHU HQJLQH
VXSSO\ FKDLQ $ERYH DOO WKLV UHVHDUFK LV DERXW WKH VXSSO\ FKDLQ ZKLFK LQYROYHG PDQ\
PDQXIDFWXUH FRPSDQ\ QRW RQO\ 5ROO5R\FH -XGJLQJ IURP WKH VLPLODULW\ RI VXSSO\ FKDLQ
HYHQ WKH  VHDWHU KDV QRW EHHQ GHVLJQHG \HW WKH VXSSOLHU DQG FXVWRPHU QHWZRUN FRXOG
QRW KDYH WRR PXFK GLIIHUHQW 6R WKH SHUIRUPDQFH RI VXSSO\ FKDLQ QHWZRUN ZLOO EH VLPLODU
LQ PRVW DUHD $W WKH VDPH WLPH 7UHQW  LV WKH HQJLQH IRU %RHLQJ  DQG WKH  VHDWHU
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

HQJLQH ZLOO EH IRU %RHLQJ  $OWKRXJK WKH %RHLQJ  ZKLFK FDQ WDNH RYHU  SHRSOH
LV PXFK ELJJHU DLUSODQH WKDQ %RHLQJ  DV HQJLQHV IRU VDPH VHULHV  VHDWHU HQJLQH
VXSSO\ FKDLQ FRXOG EH UHVHDUFKHG IURP WKH VLPLODU EDVH
)LQDOO\ EHFDXVH DOO LQIRUPDWLRQ RI  VHDWHU HQJLQH DUH EDVHG RQ WKH VLPXODWLRQ RI 7UHQW
 DQG KRZ WKHVH UHVXOW FRXOG EH DSSOLHG RQ IXWXUH  VHDWHU HQJLQH VXSSO\ LV D VHULRXV
SUREOHP 7KH GLVFXVVLRQ DERXW WKLV SDUW ZLOO EH LOOXVWUDWHG LQ 
,Q VXPPDU\ WKH UHVHDUFK DERXW  VHDWHU HQJLQH VXSSO\ FKDLQ LV H[HFXWLYH E\
TXDQWLWDWLYH UHVHDUFK PHWKRG 0RUH VSHFLILFDOO\ WKH 7UHQW   PRGHO GDWDGULYHQ
VLPXODWLRQ ZLOO EH XVHG DV WKH H[DPSOH RI  VHDWHU HQJLQH $IWHU WKDW WKH GLVFXVVLRQ
DERXW VLPLODULW\ DQG GLVWLQFWQHVV DUH QHFHVVDU\ DGGHG DW WKH FRPSOHPHQWDULO\ RI UHVHDUFK
 5HVHDUFK SURFHVV
$V LV VKRZQ RQ )LJXUH  WKH UHVHDUFK SURFHVV KDV ILYH VWHSV LQ WKLV GLVVHUWDWLRQ 7KH\
DUH (VWDEOLVKLQJ WKH 07B PRGHO E\ GDWDGULYHQ VLPXODWLRQV DQDO\]LQJ WKH
VXSSO\ FKDLQ RI 07B WDNLQJ RXW SRVVLEOH VROXWLRQV DQG GLVFXVVLQJ
WKHRUHWLFDOO\ VHOHFWLQJ RQH RI WKH EHVW VROXWLRQV DQG SXWWLQJ LQWR GDWDGULYHQ VLPXODWLRQ
H[SHULPHQW DQG GLVFXVVLQJ WKH UHVXOW DQG JLYH UHFRPPHQGDWLRQV
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(VWDEOLVK WKH 07B
PRGHO E\ GDWDGULYHQ VLPXODWLRQV
$QDO\]LQJ WKH VXSSO\ FKDLQ RI
07B
7DNH RXW SRVVLEOH VROXWLRQV DQG
GLVFXVVHG WKHRUHWLFDOO\
6HOHFW RQH RI WKH EHVW VROXWLRQV DQG SXW
LQWR GDWDGULYHQ VLPXODWLRQ H[SHULPHQW
'LVFXVV WKH UHVXOW DQG JLYH
UHFRPPHQGDWLRQV
)LJXUH  5HVHDUFK 3URFHVV
x (VWDEOLVKLQJ WKH 07B PRGHO E\ GDWDGULYHQ VLPXODWLRQV
,Q WKLV VWHS D PRGHO RI 07B 7UHQW   PRGHO LV HVWDEOLVKHG EDVH
RQ WKH DOUHDG\ H[LVWHG 07B GDWDEDVH E\ 6&0% )ROORZLQJ WKH
LQVWUXFWLRQ RI 6&0% UHTXLUHPHQW DQ $UHQD VLPXODWLRQ PRGHO ZLOO EH HVWDEOLVKHG
7KURXJK UXQQLQJ WKLV PRGHO WKH RXWSXW GDWD FRXOG EH FROOHFWHG
x $QDO\]LQJ WKH VXSSO\ FKDLQ RI 07B
$IWHU WKH FROOHFWLRQ RI VXSSO\ FKDLQ RXWSXW WKH 07B VXSSO\ FKDLQ ZLOO
EH PXFK FOHDU WR EH DQDO\]HG )RU WKH OHDG WLPH YLHZ WKH TXHXH WLPH LQ HYHU\ SURFHVV
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

WKH RUGHU ILOO UDWH DQG FRVW FRXOG EH QRWLFHG LQ WKH VLPXODWLRQ PRGHO 8VLQJ WKH
NQRZOHGJH RI VXSSO\ FKDLQ PDQDJHPHQW LWV VLWXDWLRQ FRXOG EH UHVHDUFKHG E\ VSHFLILF
PHWKRGV
x 7DNH RXW SRVVLEOH VROXWLRQV DQG GLVFXVVHG WKHRUHWLFDOO\
7KH XQGHUVWDQGLQJ RI VXSSO\ FKDLQ VLWXDWLRQ JLYHV DGHTXDWH SURRI WR WDNH RXW VROXWLRQ
PHWKRG RI FXUUHQW VXSSO\ FKDLQ $IWHU WKDW LW LV SRVVLEOH WR HYDOXDWH HYHU\ VROXWLRQ E\
VXSSO\ FKDLQ WKHRULHV 7KH HYDOXDWLRQ FRXOG FRPH RXW D EHWWHU VROXWLRQ WR EH
H[SHULPHQW E\ GDWDGULYHQ VLPXODWLRQ
x 6HOHFW RQH RI WKH EHVW VROXWLRQV DQG SXW LQWR GDWDGULYHQ VLPXODWLRQ H[SHULPHQW
,Q WKLV VWHS WKH PRVW LPSRUWDQW WKLQJ LV WR FKHFN WKH WDQJLELOLW\ RI VROXWLRQ ZKLFK KDV
EHHQ FKRVHQ LQ ODVW VWHS 7KH RXWSXW ZLOO EH FROOHFWHG HVSHFLDOO\ WKH OHDG WLPH ZLOO EH
UHVHDUFKHG WR FKHFN ZKHWKHU LW DFFRUG UHTXLUHPHQW
x 'LVFXVV WKH UHVXOW DQG JLYH UHFRPPHQGDWLRQV
)LQDOO\ WKH UHVXOW ZLOO EH GLVFXVVHG VXFK DV WKH FRVW WKURXJKSXW RUGHU IXOO ILOO UDWH
DQG VR RQ 7KH ILQDO UHFRPPHQGDWLRQ ZLOO EH OLVWHG DW ODVW
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'DWDGULYHQ
VLPXODWLRQ
6XSSO\ FKDLQ
WKHRULHV
07B
 VXSSO\ FKDLQ
PRGHO
6LPXODWHG &ROOHFWHG LQIRUPDWLRQ
7DNH RXW VROXWLRQ([SHULPHQW VROXWLRQ
)LJXUH  5HODWLRQVKLS RI GDWDGULYHQ VLPXODWLRQ DQG VXSSO\ FKDLQ WKHRULHV


'DWD
'DWD
&ROOHFWLRQ
&ROOHFWLRQ
7KH GDWD FROOHFWLRQ LV WKH MRE ZKLFK FRVW D ORW WLPH DQG HQHUJ\ EHFDXVH VRPH LQIRUPDWLRQ
GLVSHUVHV D ORW ,Q WKLV GLVVHUWDWLRQ WKH SXUSRVH RI GDWD FROOHFW LV WR VHUYH WKH OHDG WLPH
UHVHDUFK 7R DFKLHYH WKLV WDUJHW DOO GDWD UHOHYDQW WR OHDG WLPH VKRXOG EH SDUWLFXODU
HPSKDVL]HG 2WKHU GDWD IURP VXSSO\ FKDLQ LV DOVR XVHIXO IRU VXSSO\ FKDLQ PRGHO
 'DWD 5HTXLUHPHQW RI VXSSO\ FKDLQ PRGHO EXLOGHU 6&0%
7R VLPXODWH VXSSO\ FKDLQ WKH GDWDEDVH RI VXSSO\ FKDLQ VKRXOG EH FRPSOHWH LQ RUGHU WR
EXLOG D FRUUHFW PRGHO 7KH LQIRUPDWLRQ LQFOXGHV
x 3URGXFW OLVWV VSHFLILFDWLRQV ELOO RI PDWHULDOV
7KH SURGXFW OLVWV VKRXOG LQFOXGH WKH SURGXFWV LQ WKH VXSSO\ FKDLQ 7KH SURGXFW FRGH
QHHGV WR EH H[FOXVLYH 7KH ELOO RI PDWHULDOV %20 LV YHU\ LPSRUWDQW GDWD ,W LV XVHG WR
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

UHSUHVHQW D SURGXFW VWUXFWXUH LQ 053(53 V\VWHPV ,W SURYLGHV D EUHDNGRZQ RI
SURGXFW DVVHPEOLHV VXEDVVHPEOLHV FRPSRQHQWV PDWHULDOV HWF DQG UHSUHVHQWV WKH
UHODWLRQVKLSV EHWZHHQ KLJKHUOHYHO SDUWV DQG ORZHUOHYHO SDUWV 7KLV SURGXFW VWUXFWXUH
PRGHO LV DVVRFLDWHG ZLWK WKH UHTXLUHG TXDQWLW\ DQG D XVXDOO\ HVWLPDWHG VFUDS UDWH
&DR 
x 6XSSOLHU OLVWV FDSDFLWLHV FDSDELOLWLHV HJ UHOLDELOLW\ DYDLODELOLW\ SURGXFWLRQ
UDWHV XQLW FRVWV LQYHQWRU\ OHYHOV
x 'LVWULEXWLRQ FDSDFLWLHV FDSDELOLWLHV OHDG WLPHV DQG XQLW FRVWV
x 'HPDQG VFHQDULRV FXVWRPHU RUGHUV SURGXFW SULFHV
x 2WKHU VXSSO\ FKDLQ SDUDPHWHUV HJ LQYHQWRU\ SDUDPHWHUV
x 2WKHU FRQVWUDLQWV
,Q VXPPDU\ IRU WKH VLPXODWLRQ PRGHO RI  VHDWHU HQJLQH DOO WKHVH GDWD DUH XVLQJ GDWD RI
7UHQW   PRGHO 07B
 7KH DGGLWLRQDO GDWD LQIRUPDWLRQ
,Q WKH GDWDEDVH QRW HYHU\ GDWD LV IURP WKH UHDO VLWXDWLRQ 7R WKRVH GDWD ZKLFK LV GLIILFXOW
WR JHW WKH UHDO GDWD IURP 5ROOV5R\FH DQ DSSURSULDWH LV DFFHSWDEOH LQ D UHDVRQDEOH ERXQG
&RUUHVSRQGLQJO\ WKHUH DUH VRPH GDWD QRW YHU\ LPSRUWDQW FRXOG EH LJQRUHG LQ WKH V\VWHP
RU PLJKW EH DGG LQ WKH IXWXUH ZLWK RQO\ D OLWWOH UHGUHVVDO 7KRVH GDWD FDQ OHDYH EODQN LQ WKH
GDWDEDVH 7KH V\VWHP ZLOO UHDG WKHP DV ³´ LQ WKH VLPXODWLRQ VXFK DV WKH WUDQVSRUW
LQIRUPDWLRQ DQG RUGHU SURFHVV WLPH


7KH
7KH
DSSOLFDELOLW\
DSSOLFDELOLW\
RI
RI
SRVVLEOH
SRVVLEOH
VROXWLRQ
VROXWLRQ
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$QRWKHU WKLQJ QHHG WR EH QRWLFH LV WKH GHPDQG GDWDEDVH %HFDXVH WKH UHDO WDUJHW RI WKLV
VLPXODWLRQ LV DERXW  VHDWHU HQJLQH IRU %RHLQJ  EXW WKHUH LV QR DQ\ GDWD VLQFH LW KDV
QRW EHHQ GHVLJQHG \HW (YHQ WKH VXSSO\ FKDLQ RI 7UHQW  FRXOG UHSUHVHQW PRVW RI LWV
IHDWXUHV 7KH GHPDQG RI 7UHQW  FRXOG QRW EH XVHG IRU LW GLUHFWO\ ,Q WKLV UHVHDUFK WKH
YROXPH RI GHPDQG LV LPDJLQHG DV  XQLWV SHU ZHHN ,Q WKH DSSOLFDWLRQ RI VROXWLRQ LW FRXOG
EH ELJJHU VPDOOHU RU IOXFWXDWHG 7KLV VLWXDWLRQ ZLOO EH GLVFXVVHG VSHFLILFDOO\ LQ &KDSWHU
ILYH
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

&KDSWHU
&KDSWHU
)RXU
)RXU
'DWD
'DWD
GULYHQ
GULYHQ
VLPXODWLRQ
VLPXODWLRQ
DQG
DQG
GDWD
GDWD
FROOHFWLRQ
FROOHFWLRQ
7KLV FKDSWHU DQG &KDSWHU ILYH DUH WKH PRVW LPSRUWDQW SDUW LQ GLVVHUWDWLRQ 7KH PDLQ
UHVHDUFK SURFHVV ORJLFDO DQDO\VLV DQG UHDVRQDEOH FRQFOXVLRQ ZLOO EH H[SDQGHG GHWDLOHG
7KLV FKDSWHU IRFXVHV RQ WKH RULJLQDO GDWD RI 07B 7UHQW   PRGHO
DQG LOOXVWUDWHV VRPH SRVVLEOH VROXWLRQ WR LPSURYH LW


2ULJLQDO
2ULJLQDO
VXSSO\
VXSSO\
FKDLQ
FKDLQ
VLPXODWLRQ
VLPXODWLRQ
7KH ILVW VWHS LV FROOHFWLQJ GDWD IURP RULJLQDO PRGHO RI 7UHQW   PRGHO ZKLFK LV IURP
5ROOV5R\FH GDWDEDVH %HFDXVH RI WKH ILQDO WDUJHW RI GLVVHUWDWLRQ LV IRU WKH  VHDWHU
HQJLQH VXSSO\ FKDLQ ZKRVH GHPDQG GDWD FRXOG QRW SUHGLFWHG QRW IRU WKH 7UHQW  
PRGHO VR WKH GHPDQG RI WKLV VXSSO\ FKDLQ LV DVVXPHG 3URYLVLRQDOO\ LW LV VHW DV  SHU
ZHHN 7KH RWKHU SRVVLELOLW\ RI GHPDQG ZLOO EH GLVFXVVHG ODWHU 2WKHU GDWD DUH GLUHFWO\
IURP WKH 5ROOV5R\FH GDWDEDVH :LWK WKH KHOS RI WKHVH GDWD DQG 6&0% DOO QHFHVVDU\
HOHPHQWV RI EXLOGLQJ VXSSO\ FKDLQ KDYH EHHQ FROOHFWHG
 %DFNJURXQG RI 5ROOV5R\FH DQG  VHDWV HQJLQH SURMHFW
5ROOV5R\FH SOF LV D %ULWLVK DLUFUDIW HQJLQH PDNHU ZKLFK LV DOVR WKH VHFRQGODUJHVW LQ WKH
ZRUOG ,WV FRPSHWLWRU *HQHUDO (OHFWULF $YLDWLRQ LV WKH ELJJHVW DLUFUDIW HQJLQH PDNHU LQ
WKH ZRUOG 3XJK  6R IDU WKH PRVW SRSXODU DLUSODQH LQ WKH ZRUOG %RHLQJ  LV
XVLQJ *HQHUDO (OHFWULF DQG 6QHFPD RQ WKH &)0  HQJLQH QRW WKH 5ROOV5R\FH¶V HQJLQH
:LWKRXW DQ\ TXHVWLRQ WR JHW LQYROYH WKH %RHLQJ  HQJLQH PDUNHW LV D ELJ DFKLHYHPHQW
 VHDWV %RHLQJ HQJLQH SURMHFW LV RQH SDUW RI WKLV DWWHPSWLQJ :KDWHYHU WKH VXSSO\ FKDLQ
SHUIRUPDQFH LV RQH RI LPSRUWDQW SDUWV LQ WKLV SURMHFW %HIRUH DQ\ HVVHQWLDO H[HFXWLYH WKH
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GDWDGULYHQ VLPXODWLRQ FRXOG SUHGLFW WKH GHYHORSPHQW RI WKLV SURMHFW DQG WDNH RXW VXLWDEOH
VXJJHVWLRQV
x %DFNJURXQG RI VXSSO\ FKDLQ
7R LOOXVWUDWH WKH UHODWLRQVKLS EHWZHHQ OHDG WLPH DQG WKH  VHDW HQJLQH VXSSO\ FKDLQ $Q
H[LVWHG HQJLQH GDWDEDVH 07B LV XVHG DV WKH VXEVWLWXWH RI  VHDW HQJLQH
EHFDXVH  VHDWV HQJLQH KDYH QRW EHHQ GHVLJQHG \HW $QG WKH 07B 7UHQW
  PRGHO DV DQ H[LVWHG HQJLQH ZLWK VXIILFLHQW GDWD WR EH VLPXODWHG FRXOG EH D
W\SLFDO PRGHO RI  VHDWV HQJLQH 7KLV LV QRW RQO\ EHFDXVH WKHUH DUH DOO HQJLQHV ZLWK
VLPLODU SURFHVV EXW DOVR WKH HYLGHQFH LQ FXUUDQW VLWXDWLRQ WKDW HYHQ 7UHQW  HQJLQH
SHUIRUPDQFH VLPLODU DV ZHOO
)LJXUH  7UHQW  HQJLQH
6RXUFH 7UHQW  3RZHU IRU WKH %RHLQJ  5ROOV5R\FH SOF 
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

7UHQW  LV WKH HQJLQH PDQXIDFWXUHG E\ 5ROOV5R\FH DQG LV WKH PDUNHW OHDG HQJLQH RQ
WKH %RHLQJ  ,W LV D TXDOLWDWLYH HQJLQH ³(YHU\ RSHUDWRU RI D 7UHQW  LV VXSSRUWHG E\
D ZRUOGZLGH QHWZRUN RI GHGLFDWHG ORFDO VXSSRUW DQG WKH FRPSUHKHQVLYH
5ROOV5R\FH VHUYLFHV FDSDELOLW\ 5ROOV5R\FH LV FRPPLWWHG WR FRQWLQXRXV LPSURYHPHQW RI
WKH 7UHQW  IDPLO\ WR HQVXUH WKDW WKH 7UHQW  FRQWLQXHV WR GHOLYHU ZRUOGFODVV
RSHUDWLRQDO H[FHOOHQFH´ 5ROOV5R\FH SOF 
7KH UHVHDUFK RI 7UHQW  FRXOG EH XVHG DV H[DPSOH RI  VHDWV HQJLQH LQ WKH IXWXUH 7KH
UHVXOW RI 07B VXSSO\ FKDLQ FRXOG VKRZ WKH SRVVLELOLW\ WR UXQ  VHDWV
HQJLQH VXSSO\ FKDLQ LQ PDQ\ ZD\V WR VROYH WKH OHDG WLPH SUREOHP
x $ERXW 07B VXSSO\ FKDLQ
7KH VXSSO\ FKDLQ RI 07B LV W\SLFDOO\ WZR WLH VXSSO\ FKDLQ 7KLV LV GHFLGHG
E\ WKH SURGXFW VWUXFWXUH 07B LV PDGH XS RI HLJKW FRPSRQHQWV DQG HDFK
FRPSRQHQW KDV VXEFRPSRQHQWV $V D UHVXOW WKH VXSSO\ FKDLQ RI 07B LV
WZR WLH VXSSO\ FKDLQ DV WKLV FRPSRQHQWV VWUXFWXUH
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)LJXUH  7KH VXSSO\ FKDLQ RI 07B
6RXUFH 6XSSO\ FKDLQ PRGHO EXLOGHU YLVLRQ 
x
x
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&KDLQ
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QHWZRUN
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B%9
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)%&B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)LJXUH  7KH SURGXFWVXSSOLHU UHODWLRQVKLS QHWZRUN
)URP ILJXUH  WKH VXSSOLHU UHODWLRQVKLS RI HLJKW FRPSRQHQW LQ 7UHQW   PRGHO
FRXOG EH GHVFULEHG EHORZ
x )%$B )%$B QHHGV  FRPSRQHQWV ZKLFK DUH DOO IURP 5ROOV
5R\FH ,QWHUQDO FRPSRQHQW
x )%&B )%&B QHHGV  FRPSRQHQWV  RI WKHP IURP 5ROOV5R\FH
RQH IURP 6ZDJHORN DQG RQH IRUP 0-6HFWLRQ
x )%&B )%&B QHHGV  FRPSRQHQWV IURP  FRPSDQLHV LQFOXGH
5ROOV5R\FH LWVHOI
x )%&B )%&B QHHGV  FRPSRQHQWV IURP  FRPSDQLHV  IRUP
7KHUPDO
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

x )%%B )%%B QHHGV  FRPSRQHQWV IURP  FRPSDQLHV
x )%&B )%&B QHHGV  FRPSRQHQWV IURP  FRPSDQLHV
x )%&B )%&B QHHGV  FRPSRQHQWV ZKLFK DUH DOO IURP 5ROOV
5R\FH ,QWHUQDO FRPSRQHQW
x )%&B )%&B  FRPSRQHQWV IRUP  FRPSDQLHV
x )RU SURGXFW 07B WKHUH DUH  FRPSRQHQWV  VXE FRPSRQHQWV
IURP  FRPSDQLHV DQG DVVHPEOH LQ 5ROOV5R\FH
,Q VXPPDU\ ILQLVK SURGXFW LV 07B DQG HLJKW FRPSRQHQWV
)%$B )%&B )%&B )%&B )%%B
)%&B )%&B DQG )%&B DUH EHORQJ WLH RQH LQ WKH ZKROH
VXSSO\ FKDLQ 2WKHU VXEFRPSRQHQWV DUH WLH WZR ,W LV UHPDUNDEOH WKDW DOO HLJKW
FRPSRQHQWV KDV 5ROOV5R\FH SDUWV DQG ZLOO EH ILQLVKHG LQ 5ROOV5R\FH DW ODVW $QG WKH
ILQDO DVVHPEOH OLQH RI 07B LV DOVR LQVLGH RI 5ROOV5R\FH
 053 PRGHO RI VXSSO\ FKDLQ VLPXODWLRQ
x 0RGHO EXLOGLQJ SURFHVV
7R EXLOG WKH 053 PRGHO ILUVWO\ LW LV LPSRUWDQW WR ORFDWH WKH RULJLQDO $FFHVV GDWDEDVH
LQ WKH VDPH IROGHU ZLWK 6&0% 1H[W VWHS LV UXQQLQJ 6&0% 7\SH WKH GRFXPHQW QDPH
RI GDWDEDVH LQ WKH GDWDEDVH QDPH WDEOH 7KHQ LW LV SRVVLEOH WR FKRRVH W\SH RI VXSSO\
FKDLQ DQG WKH ERRW RI VXSSO\ FKDLQ LQ WKH XVHU JXLGHU 7KH 07B VKRXOG
EH VHOHFWHG DV WKH ERRW RI SURGXFW LQ WKH VXSSO\ FKDLQ DV LV GLVSOD\HG LQ )LJXUH 
$IWHU WKH FRQILUPDWLRQ RI LQSXW WKH VWUXFWXUH RI GDWDEDVH ZLOO EH RQ WKH VFUHHQ )LJXUH
 H[KLELWV WKH VWUXFWXUH RI 07B LQ 6&0% ZLQGRZV
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7KHQ LW LV WKH FRUH RI GRLQJ VLPXODWLRQ IRU GHFLGHG WKH 053 ,Q WKH 6&0% PDLQ
ZLQGRZ VHOHFW WKH ³VLPXODWLRQ´ PHQX DV LV VKRZ LQ )LJXUH  DQG FOLFN ³GR
VLPXODWLRQ´ EXWWRQ 7KH ³GR VLPXODWLRQ´ LQWHUIDFH ZLOO EH RQ WKH VFUHHQ DV )LJXUH 
VKRZQ &KRRVH WKH 053 DV LQYHQWRU\ PRGHO DQG OHDYH RWKHU RSWLRQ DV GHIDXOW YDOXH
$IWHU WKLV D $UHQD PRGHO EDVHG RQ WKH 07B GDWD ZLOO EH FUHDWHG LQ
5RFNZHOO $UHQD DXWRPDWLFDOO\
)LJXUH  3URGXFW VHOHFWHG LQWHUIDFH RI 6&0%
&KRVH 07B VXSSO\ FKDLQ
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

)LJXUH  7KH VWUXFWXUH RI WKH 07B VXSSO\ FKDLQ LQ 6&0%
)LJXUH  ³'R VLPXODWLRQ´ LQWHUIDFH &KRRVH 053
6LPXODWLRQ PHQX
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)LJXUH  7KH ILQLVK 07B PRGHO
7R UXQ WKH $UHQD PRGHO VXFFHVVIXOO\ LQ P\ FRPSXWHU WKH VHW RI UXQ VSHHG DUH WKLV
FRXOG EH IRXQG E\ FOLFNLQJ WKH RSHUDWLRQ EXWWRQ XQGHU WRRO PHQX LQ $UHQD 
*XLGHG WUDQVSRUWHU PDWUL[ VL]H
,&;0 
1XPEHU RI HOHPHQWV LQ SDUVH DUUD\
59(& 
,9(& 
09(& 
&9(& 
1XPEHU RI HOHPHQWV LQ UXQWLPH DUUD\
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

56(7 
&6(7 
7KHVH VHWV DUH EDVHG RQ WKH FRPSXWHU ZKLFK GLG WKLV H[SHULPHQW
7KH GHWDLO RI WKH FRPSXWHU
x 'DWD FROOHFWLRQ
$V LV GHVFULEHG LQ 6&0% 8VHU 0DQXDO &DR  WKH GDWD RXWSXW RI 6&0% LV
IROORZ WKH SHUIRUPDQFH HYDOXDWLRQ V\VWHP RI WKH 6XSSO\ &KDLQ 3HUIRUPDQFH
,QGLFDWRUV DVVRFLDWHG ZLWK WKH 6&25 6XSSO\ &KDLQ 2SHUDWLRQV 5HIHUHQFH PRGHO
 7KURXJKSXW DFFXPXODWLYH RU SHU WLPH SHULRG
 2UGHU )XOILOOPHQW /HDG 7LPH IURP RUGHU UHFHLSW WR FXVWRPHU GHOLYHU\
7KH DYHUDJH RUGHU OHDG WLPH FDQ EH FDOFXODWHG DV
$YHUDJH OHDG WLPH RYHU FKRVHQ WLPH SHULRG  
Ȉ/HDG WLPH RI HYHU\ RUGHUQXPEHU RI HQWLWLHV
 )LOO 5DWH E\ 2UGHU
7KH DYHUDJH ILOO UDWH RI RUGHUV FDQ EH FDOFXODWHG DV
 7LHG XS FDSLWDO ,W LV FDOFXODWHG DV
7LHGXS &DSLWDO  6WDQGDUG &RVW [ :,3 ZRUN LQ SURGXFW  6WDQGDUG &RVW
[ )LQLVKHG SURGXFW ,QYHQWRU\
  BBB
BBBB u6 SHULRGVWLPHRI1XPEHU
TXDQWLW\2UGHUHGTXDQWLW\'HOLYHUHGUDWHILOO$YHUDJH
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
7KH 07B 053 PRGHO ZDV UXQQLQJ IRU  GD\V LQ VLPXODWLRQ $V
UHVXOW WKH WKURXJKSXW OHDG WLPH DQG WLHGXS FDSLWDO DUH VKRZHG EHORZ 7KH RUGHU IXOO
ILOO UDWH LV DOPRVW  DQG WRR OLWWOH WR EH VKRZHG RQ WKH JUDSK
)LJXUH  7KH WKURXJKSXW RI 07B 053 PRGHO
)URP WKH JUDSK RI WKH WKURXJKSXW WRWDOO\  7UHQW  HQJLQHV DUH GHOLYHUHG LQ 
GD\V
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

)LJXUH  7KH FXVWRPHU RUGHU OHDG WLPH RI 07B 053 PRGHO
)LJXUH  7KH WLHGXS FDSLWDO RI 07B 053 PRGHO
7KH DYHUDJH WLHGXS FDSLWDO RI 07B 053 PRGHO 7LHGXS
FDSLWDOUXQQLQJ WLPH 
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7KH PRVW LPSRUWDQW GDWD WKH DYHUDJH OHDG WLPH LV  GD\V ,W PHDQV RYHU 
\HDUV 7KH WLHGXS FDSLWDO NHHSV ]HUR ZDUP XS WLPH XQWLO  GD\ 7KHQ LW ZDYHV
EHWZHHQ  DQG 
 3XOO QR LQYHQWRU\ PRGHO PRGHO RI VXSSO\ FKDLQ VLPXODWLRQ
7R EXLOG WKH 3XOO PRGHO RI 07B WKH RQO\ GLIIHUHQFH LV WR VHOHFW QR
LQYHQWRU\ LQ ³GR VLPXODWLRQ´ LQWHUIDFH %HFDXVH WKH RSHUDWLRQ ZLWKRXW DQ\ LQYHQWRU\ LV
WKH SXUH SXOO VWUDWHJ\¶V VSHFLILF IHDWXUH LW LV QRW GLIILFXOW WR EXLOG D SXOO PRGHO E\
6&0%
)LJXUH  7KH WKURXJKSXW RI 07B SXOO PRGHO
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

)LJXUH  7KH FXVWRPHU RUGHU OHDG WLPH RI 07B SXOO PRGHO
)LJXUH  7KH WLHGXS FDSLWDO RI 07B SXOO PRGHO
7KH DYHUDJH WLHGXS FDSLWDO LV 
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 3ULPDU\ DQDO\VLV RI 053 DQG SXOO PRGHO
x )RU WLHGXS FDSLWDO
&RPSDUHG ZLWK WKH WLHGXS FDSLWDO EHWZHHQ 053 DQG SXOO PRGHO WKH DYHUDJH RI 053
PRGHO LV DOPRVW WZLFH RI WKH SXOO PRGHO 7KH WLHGXS FDSLWDO RI 053 NHHS ]HUR IRU
 GD\V DQG LQFUHDVH VLJQLILFDQWO\ DIWHU  GD\ $W WKH VDPH WLPH WKH SXOO PRGHO¶V
WLHGXS FDSLWDO ZDYHV IURP EHJLQQLQJ WR HQG EXW WKH VZLQJ WHQGV WR EHFRPH ELJJHVW
ZLWK WKH WLPH JRHV
)LUVW RI DOO EHFDXVH WKH SXOO VWUDWHJ\ GRHV QRW KROG DQ\ LQYHQWRU\ LQ V\VWHP WKH
LQYHQWRU\ LQ V\VWHP LV PXFK VPDOOHU WKDQ 053 PRGHO LW LV UHDVRQDEOH NHHS D VPDOOHU
WLHXS FDSLWDO LQ DYHUDJH 6HFRQGO\ WKH 053 RUGHUHG SUHGLFW YDOXH DW ILUVW RI V\VWHP
UXQV EXW SXOO RQO\ RUGHU PDWHULDO ZKHQ RUGHU DUULYHG 7KLV FRQGXFWV WKH WLHGXS
FDSLWDO ZDYH DW WKH EHJLQQLQJ :LWK WKH RUGHU DFFXPXODWHG DV WLPH JRHV WKH SURGXFW LQ
WKH V\VWHP EHFRPH PRUH DQG PRUH WKH VZLQJ WUHQGV WR VHULRXV )RU 053 EHFDXVH WKH
GHPDQG LV FRQVWDQW WKH SUHGLFWLRQ FRXOG EH PRUH DFFXUDF\ VR ZKHQ RSHUDWLRQ VWDUWV
WKH WLHGXS FDSLWDO NHHSV LQ D ORZ YDOXH LQ D TXLWH ORQJ WLPH %XW ZLWK WKH LQFUHDVLQJ RI
V\VWHP UXQ WLPH DQ\ VPDOO XQFHUWDLQW\ FRXOG EH DFFXPXODWHG WR EH D ELJ LQIOXHQFH WR
WKH LQYHQWRU\ OHYHO 7KH WLHXS FDSLWDO LQFUHDVHV VLJQLILFDQW DW WKH HQG RI RSHUDWLRQ
SHULRG
x )RU OHDG WLPH
7R ILQG RXW WKH UHDVRQ ZK\ WKH OHDG WLPH LV RYHU  \HDU LW VKRXOG WUDFH XS WR WKH
RULJLQDO GDWDEDVH DQG VXSSO\ FKDLQ
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

)RU ERWK 053 PRGHO DQG 3XOO PRGHO WKH YDOXHV RI LQLWLDO LQYHQWRU\ DUH  ,Q SXOO
VWUDWHJ\ PRGHO WKH OHDG WLPH LV WKH SXUH SURFHVV WLPH $QG DOWKRXJK 053 LV RSHUDWHG
E\ SUHGLFW WKHUH LV QR LQYHQWRU\ DW WKH EHJLQQLQJ DQG LWV GHPDQG :KHQ GR D SXUH SXOO
VLQFH WKH ORQJHVW PDWHULDO OHDG WLPH LV DERXW  GD\V DQG WKHUH LV QR UDQGRPQHVV ZLWK
LW WKH SURGXFW OHDG WLPH DUH DURXQG  GD\V :KHQ XVLQJ 053 VLQFH PDWHULDOV DUH
RUGHUHG EDVHG RQ WKHLU 053 WLPH DQG WKHLU UHDO OHDG WLPH DUH DOZD\V HTXDO WR RU
JUHDWHU WKDQ 053 WLPH 7KH 053 DYHUDJH SURGXFW OHDG WLPH LV DERXW  GD\V
0RUH VSHFLILFDOO\ LI WKH ZKROH VXSSO\ FKDLQ RQO\ RUGHUV RQH SURGXFW WKH OHDG WLPH LV
VWLOO DERXW  GD\V EHFDXVH WKH NH\ SURFHVV RI WKLV VXSSO\ FKDLQ LV DERXW  GD\V


'LVFXVVLRQ
'LVFXVVLRQ
RI
RI
VHYHUDO
VHYHUDO
SRVVLEOH
SRVVLEOH
VROXWLRQV
VROXWLRQV
$IWHU WKH SULPDU\ DQDO\VLV RI 7UHQW   PRGHO VXSSO\ FKDLQ IURP WZR NLQGV RI
RSHUDWLRQ PHWKRG 053 DQG SXOO VWUDWHJ\ LW LV DOPRVW LPSRVVLEOH WR VKRUWHU WKH
SURFHVV OHDG WLPH %HFDXVH WKH  GD\V LV DOPRVW WHQ WLPHV RI  GD\V HYHQ VXSSOLHUV
DUH IURP PDQ\ FRPSDQLHV LQ WKH ZRUOG LW LV WRR GLIILFXOW WR VKRUWHU DOO SURFHVV DW WKH
VDPH WLPH $QG WKH GHOLYHU\ WLPH LV DOVR XQFRQWUROODEOH IRU 5ROOV5R\FH $V D UHVXOW
LPSURYH SURGXFW SURFHVV WR GHFUHDVH OHDG WLPH LV QRW WDQJLEOH $OO VXJJHVWLRQ FRXOG
RQO\ EH WDNHQ RXW IURP WKH YLHZ RI VXSSO\ FKDLQ PDQDJHPHQW GLUHFWLRQ 7KH VROXWLRQ
FRXOG EH FRQVLGHUHG IURP WKH IROORZLQJ IRXU GLUHFWLRQV
 )RU 3XVK VWUDWHJ\
7KHUH LV D SRVVLEOH VROXWLRQ PHWKRG FRXOG EH DFKLHYHG LQ SXUH SXVK VWUDWHJ\ ,Q SXUH
SXVK VWUDWHJ\ WKH FDSDFLW\ RI VXSSO\ FKDLQ FRXOG EH XVHG HIILFLHQF\ WR NHHS D ODUJH
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UHVHDUFK
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DERXW
GDWDGULYHQ
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VLPXODWLRQ
IRU
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
SURGXFWLRQ UDWH %XW DW WKH VDPH WLPH WKH ERWWOH QHFN LQ VXSSO\ FKDLQ FRXOG FRQGXFW
KLJK LQYHQWRU\ FRVW DQG GLIILFXOW\ LQ FRQWURO V\VWHP
:LWK WKH WDUJHW RI OHDG WLPH DV  GD\ WKHUH LV D SRVVLEOH VROXWLRQ E\ XVLQJ SXUH SXVK
V\VWHP 7KH VROXWLRQ FRXOG EH SURFHVVHG ZLWK IROORZ VWHSV
5HRUJDQL]LQJ WKH VXSSO\ FKDLQ ZLWKLQ  GD\V OHDG WLPH ZKLFK PHDQV LQ HDFK XQLW
WKH WRWDO OHDG WLPH VKRXOG EH OHVV RU HTXDO WKDQ  GD\V $V WKH VXSSO\ FKDLQ LQ ILJXUH
 LW FRXOG EH GLYLGHG LQWR  XQLWV ,Q HYHU\ XQLW WKH SURFHVV ZRUNLQJ WLPH LV  GD\
SHU F\FOH :KHQ WKH RUGHU FHQWUH JHW RUGHU IURP FXVWRPHUV WKH RUGHU FHQWHU SXVK 
XQLW HQJLQH WKH GHPDQG LV FRQVWDQWO\  SHU ZHHN $W WKH VDPH WLPH DOO  XQLW SXVK
RQH ZRUN F\FOH IRUZDUG  GD\V
$V D UHVXOW WKH FXVWRPHU FRXOG JHW SURGXFW IURP DVVHPEOH OLQH GLUHFWO\ %HFDXVH WKH
ZRUN F\FOH WLPH LQ HDFK XQLW LV OHVV RU HTXDO WKDQ  GD\ WKH FXVWRPHU RUGHU FRXOG EH
OHVV WKDQ  GD\V WKHRUHWLFDOO\
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

&XVWRPHUV
2UGHU FHQWUH
7LH WZR
7LH RQH
$VVHPEOH OLQH
8QLW 
8QLW 
8QLW 
8QLW 
8QLW 
8QLW 
8QLW 
)LJXUH  7KH LPDJLQDWLRQ RI SXUH SXVK VROXWLRQ
x $GYDQWDJH WKLV VROXWLRQ FRXOG NHHS D ELJ SURGXFWLYLW\ EHFDXVH WKLV LV
EDVHG RQ WKH SXUH SXVK V\VWHP :KHQ WKH GHPDQG LV VWDEOH WKH SURGXFH FRVW
FRXOG EH YHU\ ORZ
x 'LVDGYDQWDJH ZKHQ WKH GHPDQG IOXFWXDWHV WKH OHDG WLPH FRXOG QRW EH
JXDUDQWHHG WR EH OHVV WKDQ  GD\V %HFDXVH HYHU\ XQLW NHHSV D LQYHQWRU\ WKH
WRWDO LQYHQWRU\ FRVW FRXOG EH KLJK
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
x 7DQJLEOH ILUVW RI DOO IURP WKH REVHUYDWLRQ RI VXSSOLHUV SHUIRUPDQFH WKHUH
DUH RQO\  VXSSOLHU RXW RI  FRXOG EH SHUIRUPDQFH OHVV WKDQ  GD\V 2WKHUV
DUH PRUH WKDQ  GD\V ,W PHDQV PRVW VXSSOLHU FRXOG QRW EHHQ XQLWHG E\ WKLV
PHWKRG 7KH ORQJHVW SHUIRUPDQFH WLPH 6HFRQGO\ WKH GHPDQG RI  VHDWHU
HQJLQH LV VWLOO XQSUHGLFWDEO\ LW LV WRR ULVN WR XVH WKLV PRGHO ZLWKRXW DQ\
GHPDQG SUHGLFW )LQDOO\ 053 LV WKH PDLQ RSHUDWLRQ PHWKRG LQ 5ROOV5R\FH LW
LV GLIILFXOW\ DQG H[SHQVLYH WR FKDQJH WR SXUH SXVK VWUDWHJ\ DQG RWKHU VXSSOLHUV
LQ VXSSO\ FKDLQ PD\ QRW FKDQJH WRR
 )RU 3XOO VWUDWHJ\
)RUP WKH VXSSOLHU SHUIRUPDQFH WKH ORQJHVW OHDG WLPH LV  GD\V ZKLFK LV PXFK
ELJJHU WKDQ  GD\V
6R LW LV LPSRVVLEOH WR DFKLHYH OHDG WLPH OHVV WKDQ  GD\V E\ SXUH SXOO VWUDWHJ\ 7KH
VLPXODWLRQ RI RULJLQDO 7UHQW   PRGHO DOVR SURYHG WKLV
 053  )36 )LQLVK SDUW VWRFN
([FHSW XVLQJ SXOO RU SXVK VWUDWHJ\ RQO\ LW LV DOVR SRVVLEOH WR FRPELQH WKHP WRJHWKHU
$V WKH SHUIRUPDQFH RI 053 VKRZQ LQ RULJLQDO PRGHO LW LV DOVR LPSRVVLEOH WR GHFUHDVH
OHDG WLPH WR OHVV WKDQ  GD\V E\ SXUH 053 &RQVLGHUHG DERXW WKLV VLWXDWLRQ WKH RQO\
WKLQJ FRXOG DFKLHYH WKH WDUJHW RI OHVV WKDQ  GD\V OHDG WLPH LV WR EXLOG DQ LQYHQWRU\
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

)36
ILQLVK SDUW VWRFN &XVWRPHU




6$3 (53 V\VWHP7LH WZR
7LH RQH
'HOLYHU\
053 3XOO
2UGHU
2UGHU
)LJXUH  7KH VWUXFWXUH 053 )36 )LQLVK SDUW VWRFN




)LQDO
DVVHPEOH OLQH
2UGHU 2UGHU
'HOLYHU\
)36 )LQLVK SDUWV VWRFN KHUH DUH GHILQHG DV WKH LQYHQWRU\ RQH VWHS EHIRUH ILQDO
DVVHPEOH OLQH PRUH VSHFLILFDOO\ LW LV WKH PL[WXUH LQYHQWRU\ RI HLJKW FRPSRQHQWV RI
7UHQW   PRGHO $V GLVSOD\HG RQ ILJXUH  LGHD RI 053)36 LV WR DGG DQ
LQYHQWRU\ QDPHG )36 )LQLVK SDUW VWRFN MXVW EHIRUH WKH ILQDO DVVHPEOH OLQH 7KLV
VXJJHVWLRQ LV OLQN 053 WR )36 WKH 035 GRHV QRW PDQXIDFWXUH E\ WKH FXVWRPHU
GHPDQG EXW WKH )36 RUGHU $W WKH VDPH WLPH WKH VXSSO\ FKDLQ IURP ILQDO DVVHPEOH
OLQH WR FXVWRPHU DUH GULYHQ E\ SXOO VWUDWHJ\ $OO WKHVH DFWLYLWLHV DUH FHQWUDO FRQWUROOHG
E\ 6$3(53 7KH &XVWRPHU RUGHU WR 6$3(53 ZLOO EH VHQW WR ILQDO DVVHPEOH OLQH DQG
)36 )36 GHOLYHU\ PDWHULDO WR ILQDO DVVHPEOHV OLQH $VVHPEOH OLQH ILQLVK WKH RUGHU DQG
GHOLYHU\ WR FXVWRPHUV
x $GYDQWDJH 7KH 053 DQG 3XOO FRXOG NHHS WKH LQYHQWRU\ FRVW LQ DQ
DFFHSWDEOH UDQJH DQG WKH LQYHQWRU\ LQ WKH PLGGOH FRXOG DFKLHYH WKH OHDG WLPH
WDUJHW DW WKH VDPH WLPH
$$
UHVHDUFK
UHVHDUFK
DERXW
DERXW
GDWDGULYHQ
GDWDGULYHQ
VLPXODWLRQ
VLPXODWLRQ
IRU
IRU
5ROOV5R\FH
5ROOV5R\FH


6HDWV
6HDWV
(QJLQH
(QJLQH
6XSSO\
6XSSO\
&KDLQ
&KDLQ

x 'LVDGYDQWDJH %HFDXVH RI WKH )36 WKH LQYHQWRU\ FRVW FRXOG KLJKHU
x 7DQJLEOH )RU 5ROOV5R\FH LW LV HDV\ WR DFFHSW E\ RQO\ DGG DQ LQYHQWRU\
,Q WKH VXSSO\ FKDLQ GDWDEDVH WKH ILQDO DVVHPEOH LV RQO\  GD\V PXFK OHVV
WKDQ  GD\V VR LW LV SRVVLEOH WR PHHW WKH WDUJHW
 035  )LQLVK SURGXFW LQYHQWRU\
053  )LQLVK SURGXFW LQYHQWRU\ LV VLPLODU WR 053)36 %RWK RI WKHP DUH PL[HG
053 DQG SXOO VWUDWHJ\ $QG WKH\ DOO XVH LQYHQWRU\ WR GHFUHDVH OHDG WLPH 7KH
GLIIHUHQFH EHWZHHQ WKHP FRXOG EH OLVW EORZ
x 053  )LQLVK SURGXFW LQYHQWRU\ JHW VKRUWHU OHDG WLPH
x 053)36 LV PRUH IOH[LEOH
,Q FRQFOXVLRQ ERWK 053)36 DQG 053  )LQLVK SURGXFW LQYHQWRU\ DUH WDQJLEOH SODQ
IRU WKLV UHVHDUFK 7KH QH[W VWHS LV SXW WKHP LQWR SUDFWLFH $IWHU GLVFXVVHG ZLWK 'U &DR
WKH 053 ILQLVK SURGXFW LQYHQWRU\ LV PXFK HDVLHU WR EH RSHUDWHG E\ GDWDGULYHQ
VLPXODWLRQ 7KURXJK VRPH SURJUDP FKDQJH RI 6&0% DQ QHZ PRGHO RI 053 ILQLVK
SURGXFW LQYHQWRU\ PRGHO LV DGGHG ,W ZLOO EH H[SHULPHQW LQ QH[W FKDSWHU
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

&KDSWHU
&KDSWHU
ILYH
ILYH
VXSSO\
VXSSO\
FKDLQ
FKDLQ
UHFRQVWUXFWLRQ
UHFRQVWUXFWLRQ
SODQQLQJ
SODQQLQJ
DQG
DQG
VLPXODWLRQ
VLPXODWLRQ
H[SHULPHQW
H[SHULPHQW


$ERXW
$ERXW
053
053


ILQLVK
ILQLVK
SURGXFW
SURGXFW
LQYHQWRU\
LQYHQWRU\
PRGHO
PRGHO
$V LV GLVFXVVHG LQ &KDSWHU IRXU WKH VROXWLRQ ZKLFK LV GHFLGHG WR SXW LQWR H[SHULPHQW
LV 053 ILQLVK SURGXFW LQYHQWRU\
)LJXUH  LV WKH VWUXFWXUH RI 053 ILQLVK SURGXFW LQYHQWRU\ PRGHO
%XIIHU LQYHQWRU\
>V 6 PRGHO@
&XVWRPHU




053 VXSSO\ FKDLQ
6$3 (53 V\VWHP
7LH WZR
7LH RQH
$VVHPEOH OLQH 'HOLYHU\'HOLYHU\
053 3XOO
2UGHU
2UGHU
2UGHU
)LJXUH  7KH VWUXFWXUH 053 )LQLVK SURGXFW LQYHQWRU\
2UGHU
7KH 053 ILQLVK SURGXFW LQYHQWRU\ PRGHO LV D VXSSO\ FKDLQ PL[HG 053 DQG SXOO
VXSSO\ FKDLQ 7KH PDMRU GLIIHUHQFH WR RULJLQDO 7UHQW   PRGHO LV WKH EXIIHU
LQYHQWRU\ IRU ILQLVK SURGXFW ,Q WKLV VXSSO\ FKDLQ HYHU\ SURFHVV EHIRUH EXIIHU
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UHVHDUFK
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
LQYHQWRU\ LV RSHUDWHG DV 053 DQG VXSSO\ FKDLQ DIWHU EXIIHU LQYHQWRU\ LV LQ SXOO
VWUDWHJ\ 7KH ZKROH VXSSO\ FKDLQ LV FHQWUDO FRQWUROOHG E\ 6$3 (53 V\VWHP 7KH
LQYHQWRU\ FRXOG JXDUDQWHH OHDG WLPH OHVV WKDQ  GD\V ZKHQ WKH 053 PDQXIDFWXUH
FRXOG NHHS DQ DFFHSWDEOH SURFHVV FRVW
2QH WKLQJ QHHG WR EH QRWLFHG WKDW WKH 053 LV GULYHQ E\ WKH RUGHU RI ILQLVK SURGXFW
LQYHQWRU\ EXW QRW FXVWRPHU RUGHU


$ERXW
$ERXW
LQYHQWRU\
LQYHQWRU\
7R GHFUHDVH OHDG WLPH LQYHQWRU\ LV WKH NH\ RI WKH ZKROH VXSSO\ FKDLQ PRGHO .HHSLQJ
WRR PXFK LQYHQWRU\ ZLOO LQFUHDVH OHDG WLPH VLJQLILFDQWO\ EXW KROGLQJ QRW HQRXJK
LQYHQWRU\ OHYHO FRXOG QRW JXDUDQWHH WKH OHDG WLPH
7KH %XIIHU LQYHQWRU\ LV XVLQJ V 6 PRGHO WR FRQWURO LQYHQWRU\ OHYHO ZKLFK LV RQH RI
WKH PRVW SRSXODU LQYHQWRU\ PRGHO 7R DFKLHYH WKH OHDG WLPH LQ D VXLWDEOH DPRXQW WKH V
WKH LQYHQWRU\ KROGLQJ SRVLWLRQ VKRXOG EH HQRXJK IRU WKH  GD\V SURFHVV OHDG WLPH
GHPDQG OHYHO %HVLGH WKLV D VDIHW\ VWRFN LV QHFHVVDU\ WR DYRLG ULVN 7KH IRUPXODWLRQ
RI ³V´ LV
V WKH LQYHQWRU\ IRU SURFHVV OHDG WLPH VDIHW\ VWRFN
7KH ³6´ FRXOG EH D OLWWOH PRUH WKDQ ³V´ EHFDXVH LI ³6´ LV WRR KLJK ZDUHKRXVH ZLOO KROG
WRR PXFK LQYHQWRU\
%HVLGH ³V´ DQG ³6´ WR VHW H[SHULPHQW RI 053 ILQLVK SURGXFW LQYHQWRU\ PRGHO WZR
GDWD VKRXOG EH VHW ZKLFK DUH PLQLPXP RUGHU TXDQWLW\ DQG LQLWLDO LQYHQWRU\
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

7R FKHFN ZHDWKHU 053 ILQLVK SURGXFW LQYHQWRU\ PRGHO LV HIILFLHQF\ WKH LQLWLDO
LQYHQWRU\ LV VHW WKH VDPH DV WKH YROXPH RI ³V´ DQG WKH PLQLPXP RUGHU TXDQWLW\
VKRXOG EH D OLWWOH PRUH WKDQ WKH GLIIHUHQFH EHWZHHQ ³V´ DQG ³6´ EHFDXVH WKLV FRXOG
JXDUDQWHH RUGHU FRXOG EH ILOHG HIILFLHQWO\
$QRWKHU WKLQJ QHHG WR EH QRWLFH LV WKH OHDG WLPH LQ WKH UHVXOW LV VWLOO QRW WKH ILQDO OHDG
WLPH RI WKH VXSSO\ FKDLQ EHFDXVH WKH YDOXH RI RUGHU WLPH DQG GHOLYHU\ WLPH LV GHIDXOW
WR EH ]HUR
/HDG WLPH LQ WKH UHDOLW\ OHDG WLPH LQ WKH VLPXODWLRQ RUGHU WLPH RUGHU GHOLYHU\ WLPH
 ([SHULPHQW SURFHVV DQG RXWSXW
$V LV GHVFULEHG EHIRUH WKH SURFHHGV OHDG WLPH LV DERXW GD\V DQG WKH GHPDQG LV 
SHU ZHHN VR
7DEOH  7KH VHWWLQJ RI WKUHH H[SULPHQW
$V GLVSOD\HG LQ 7DEOH  WKUHH H[SHULPHQWV DUH PDGH IRU GLIIHUHQW VDIHW\ VWRFN
YROXPH
([SHULPHQW
1R
6DIHW\
VWRFN V 6 PLQBRUGHU
LQLWLDO
LQYHQWRU\
 OLWWOH    
     
     
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
)LJXUH  ([SHULPHQW GDWD VHW LQ $FFHVV 7DEOH
)LJXUH  053 ILQLVK SURGXFW LQ 6&0%
7KH UHVXOW RI &XVWRPHU RUGHU OHDG WLPH LQ WKUHH H[SHULPHQW
&KRVH WKHVH WZR WRJHWKHU
9DOXH RI ³V´ 9DOXH RI ³6´
0LQLPXP RUGHU
TXDQWLW\
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

)LJXUH  &XVWRPHU RUGHU OHDG WLPH RI ([SHULPHQW 1R
)LJXUH  &XVWRPHU RUGHU OHDG WLPH RI ([SHULPHQW 1R
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
)LJXUH  &XVWRPHU RUGHU OHDG WLPH RI ([SHULPHQW 1R
)URP WKH FRPSDULVRQ OHDG WLPH RI WKUHH H[SHULPHQWV WKH 1R¶V OHDG WLPH LQFUHDVHG
VLJQLILFDQWO\ DIWHU  GD\V DQG H[FOXGH  GD\ DIWHU DERXW  GD\ 2EYLRXVO\ WKH
H[SHULPHQW LV QRW ILW WKH H[SHULPHQW UHTXLUHPHQW 7KH UHDVRQ LV ([SHULPHQW 1R 
GRHV QRW KDYH HQRXJK VDIHW\ VWRFN IRU VXSSO\ FKDLQ XQFHUWDLQW\ $IWHU D ORQJ SHULRG
WKH XQFHUWDLQWLHV DFFXPXODWH WR D ELJ OHDG WLPH LVVXH DQG RYHU  GD\V $OWKRXJK WKH
OHDG WLPH RI ([SHULPHQW 1R LV DOVR IOXFWXDQW EXW LW QHYHU RYHU  DQG WKH IOXFWXDQW
WUHQG LV VWDEOH LQ D FHUWDLQ DUHD %HFDXVH WKH LQYHQWRU\ OHYHO LV WRR KLJK IRU FXUUHQW
GHPDQG WKH RUGHU FRXOG EH ILOOHG LPPHGLDWHO\
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

)LJXUH  7LHGXS FDSLWDO RI ([SHULPHQW 1R
)LJXUH  7LHGXS FDSLWDO RI ([SHULPHQW 1R
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(QJLQH
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6XSSO\
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
)LJXUH  7LHGXS FDSLWDO RI ([SHULPHQW 1R
$OWKRXJK WKH WLHGXS FDSLWDO RI WKUHH H[SHULPHQW DUH VLPLODU EXW WKH UHDO FRVW VKRXOG
LQFOXGH WKH LQYHQWRU\ KROGLQJ FRVW ZKLFK LV XQLW KROG FRVW IRU 1R XQLW
KROG FRVW IRU 1R DQG XQLW KROG FRVW IRU 1R 6R WKH 1R H[SHULPHQW LV WKH
PRVW HFRQRP\ LQYHQWRU\ OHYHO IRU WKH LQYHQWRU\ OHYHO
$V D UHVXOW WKH 053 ILQLVK SURGXFW LQYHQWRU\ FRXOG DFKLHYH WKH OHDG WLPH WDUJHW
$QG WKH HFRQRP\ LQYHQWRU\ OHYHO DSSUR[LPDWH FRXOG EH
V WKH LQYHQWRU\ IRU SURFHVV OHDG WLPH VDIHW\ VWRFN WKH LQYHQWRU\ IRU SURFHVV
OHDG WLPH


7KH
7KH
GLVFXVVLRQ
GLVFXVVLRQ
LQ
LQ
HVWDEOLVKPHQW
HVWDEOLVKPHQW
RI
RI
LQYHQWRU\
LQYHQWRU\
%HFDXVH WKH UXQQLQJ RI 053 ILQLVK SURGXFW LQYHQWRU\ UHTXLUHG WKH LQYHQWRU\ ILOOHG DW
WKH EHJLQQLQJ $Q H[SHULPHQW DERXW WKH EXLOGLQJ LQYHQWRU\ LV QHFHVVDU\ 7KLV WLPH
WKH LQYHQWRU\ LV EXLOW RQ WKH DVVXPSWLRQ WKDW QR GHPDQG FRPHV LQ ILUVWO\ 7R EXLOG D
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

LQYHQWRU\ OHYHO RI V WKH LQYHQWRU\ IRU SURFHVV OHDG WLPH VDIHW\ VWRFN WKH LQYHQWRU\
IRU SURFHVV OHDG WLPH WKH RXWSXW RI H[SHULPHQW VKRZV EHORZ
)LJXUH  ,QYHQWRU\ EXLOG JUDSK
)URP ILJXUH  WKH LQYHQWRU\ HVWDEOLVKPHQW QHHGV  GD\V ZKLFK LV D TXLW ORQJ
WLPH WR VHW XS DQ LQYHQWRU\ OLNH WKLV 7R GR QRWKLQJ MXVW EXLOGLQJ LQYHQWRU\ IRU RYHU
 GD\ LV D ELJ FKDOOHQJH IRU 5ROOV5R\FH ,V LW SRVVLEOH WR EXLOG LQYHQWRU\ D ZKHQ ILOO
FXVWRPHUV¶ RUGHU"
7KLV H[SHULPHQW FRXOG EH GHVLJQHG IRU  XQLW GHPDQG SHU ZHHN DQG QR LQLWLDO
LQYHQWRU\ DQG V 6 PRGHO IRU V 6  ,W VLPXODWHV IRU  \HDUV
)URP ILJXUH  LW LV LPSRVVLEOH WR EXLOG LQYHQWRU\ ZKHQ ILOO FXVWRPHU RUGHU EHFDXVH
WKH FDSDFLW\ RI VXSSO\ FKDLQ
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
6R IRU EXLOGLQJ WKH LQYHQWRU\ WKHUH DUH WZR PHWKRG RQH LV EXLOGLQJ LQYHQWRU\ EXW QRW
DFFHSW DQ\ FXVWRPHU RUGHU IRU  GD\V WKH RWKHU PHWKRG LV LQFUHDVH FDSDFLW\ E\ ILQG
PRUH VXSSOLHUV
)LJXUH  ,QYHQWRU\ EXLOG ZLWK ILOO FXVWRPHU RUGHU


7KH
7KH
GLVFXVVLRQ
GLVFXVVLRQ
LQ
LQ
IOXFWXDWLQJ
IOXFWXDWLQJ
GHPDQG
GHPDQG
7R VLPXODWH IOXFWXDWLQJ GHPDQG VLWXDWLRQ DQ H[SRQHQWLDO OHYHO LQFUHDVLQJ GHPDQG LV
SXW LQWR GHPDQG 7KH GHPDQG LQFUHDVH IURP WKLUG ZHHN DQG MXPS DV 
 WKHQ EDFN WR QRUPDO OHYHO 7KH OHDG WLPH FRXOG JUDSK LV VKRZHG
EHORZ
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

)LJXUH  /HDG WLPH JUDSK IRU D VLQJH H[SRQHQWLDO LQFUHDVLQJ GHPDQG
&RPSDUHG ZLWK WKH ILJXUH   ILJXUH  GRHV QRW FKDQJH WRR PXFK %HFDXVH WKH
H[LVW RI ODUJH PRXQW RI LQYHQWRU\ WKH LQIOXHQFH RI IOXFWXDWLQJ GHPDQG LV OLPLWHG LQ D
FHUWDLQ GHJUHH 7KH ZD\ ZKLFK GHPDQGV IOXFWXDWLQJ PD\ GDPDJH OHDG WLPH LV WKH
GHPDQG LQFUHDVHG VKDUSO\ RYHU WKH LQYHQWRU\ OHYHO RU WKH GHPDQG LV XQVWDEOH IRU D
YHU\ ORQJ WLPH EXW LW LV DOPRVW LPSRVVLEOH


5HFRPPHQGDWLRQ
5HFRPPHQGDWLRQ
RI
RI
053
053


ILQLVK
ILQLVK
SURGXFW
SURGXFW
LQYHQWRU\
LQYHQWRU\
,Q FRQFOXVLRQ WKH 053  ILQLVK SURGXFW LQYHQWRU\ FRXOG DFKLHYH WKH  OHDG WLPH
WDUJHW ZLWK WKH KHOS RI DOUHDG\ H[LVWHG LQYHQWRU\ 7KH LQYHQWRU\ OHYHO RI ILQLVK SURGXFW
LQYHQWRU\ LV DERXW
V WKH LQYHQWRU\ IRU SURFHVV OHDG WLPH VDIHW\ VWRFN WKH LQYHQWRU\ IRU SURFHVV OHDG
WLPH
$$
UHVHDUFK
UHVHDUFK
DERXW
DERXW
GDWDGULYHQ
GDWDGULYHQ
VLPXODWLRQ
VLPXODWLRQ
IRU
IRU
5ROOV5R\FH
5ROOV5R\FH


6HDWV
6HDWV
(QJLQH
(QJLQH
6XSSO\
6XSSO\
&KDLQ
&KDLQ

$QG LQYHQWRU\ EXLOGLQJ LV D VHULRXV LVVXH IRU 5ROOV5R\FH EHFDXVH RI WKH FDSDFLW\ 7R
EXLOG WKH LQYHQWRU\ 5ROOV5R\FH FRXOG RQO\ IRFXV RQ LQYHQWRU\ EXLOGLQJ IRU DERXW 
GD\V RU LQFUHDVLQJ FDSDFLW\
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

&KDSWHU
&KDSWHU
VL[
VL[
&RQFOXVLRQ
&RQFOXVLRQ
DQG
DQG
5HFRPPHQGDWLRQ
5HFRPPHQGDWLRQ
7KH OHDG WLPH WDUJHW RI  GD\V LV UHDOO\ D VHULRXV FKDOOHQJH IRU 5ROOV5R\FH %XW LW LV
QRW LPSRVVLEOH
,Q WKLV DUWLFOH WKH 053 ILQLVK SURGXFW LQYHQWRU\ KDV EHHQ H[SHULPHQWHG DQG EHHQ
SURYHG D WDQJLEOH ZD\ WR DFKLHYH  OHDG WLPH LQYHQWRU\ WDUJHW
$QRWKHU PHWKRG RI 053)36 LV DOVR UHFRPPHQGHG EXW EHFDXVH RI WKH WLPH DQG
HQHUJ\ OLPLWHG LW KDV QRW EHHQ H[SHULPHQWHG E\ GDWDGULYHQ VLPXODWLRQ
6R IRU WKH UHTXLUHPHQW RI  GD\V OHDG WLPH 053 ILQLVK SURGXFW LQYHQWRU\ LV D
WDQJLEOH PHWKRG ZKLFK KDV EHHQ H[SHULPHQWHG 7R PDNH WKLV PRGHO PRUH SUDFWLFDO
WKH ILQLVK SURGXFW LQYHQWRU\ PRGHO LV V6 DQG V WKH LQYHQWRU\ IRU SURFHVV OHDG
WLPH VDIHW\ VWRFN WKH LQYHQWRU\ IRU SURFHVV OHDG WLPH 6 FRXOG EH RQO\ D OLWWOH
ELJJHU WKDQ V 7KH RWKHU LPSRUWDQW FRQGLWLRQ LV WKH LQLWLDO LQYHQWRU\ %XW WKH GLIILFXOW LV
RQ WKH LQYHQWRU\ EXLOGLQJ PHWKRG 7KH WZR ZD\ WR SRVVLEOH LQYHQWRU\ EXLOGLQJ ZD\ LV
EXLOG LQYHQWRU\ IRU  GD\ ZLWKRXW DQ\ FXVWRPHU RUGHU ILOOHG RU LPSURYLQJ WKH
FDSDFLW\ RI  VHDWHU HQJLQH VXSSO\ FKDLQ E\ DGG PRUH VXSSOLHUV RQH FULWLFDO SDWK
7KH ILUVW ZD\ PD\ ORVV D ORW RI FXVWRPHU RUGHUV PRUH VLPSO\ FRVW LV YHU\ KLJK
-XGJLQJ IURP WKLV SRLQW LQFUHDVH VXSSO\ FKDLQ FDSDFLW\ LV PRUH HIILFLHQF\
)URP WKH RUGHU WKURXJKSXW RI %RHLQJ  LI WKH  VHDWHU HQJLQH SHUIRUPV WKH VDPH
DV %RHLQJ  WKH SXVK VWUDWHJ\ ZLWK VXSSOLHU XQLW PD\ EH DFKLHYDEOH $OWKRXJK LW
ORRNV LPSRVVLEOH LQ GDWDGULYHQ VLPXODWLRQ IUR D YHU\ KLJK PDUNHW GHPDQGV SXVK
VWUDWHJ\ FRXOG NHHS WKH EHVW FDSDFLW\ SHUIRUPDQFH ,I SRVVLEOH WKH ZRUN XQLW FRXOG EH
PXVK VPDOOHU DQG LQVLGH WKH VXSSOLHUV WKH ZKROH VXSSO\ FKDLQ FRXOG ZRUNV OLNH RQH
SURGXFWLRQ OLQH DQG HYHU\ VPDOO XQLW¶V OHDG WLPH LV OHVV WKDQ  GD\V 7KURXJK SXVK
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IURP UDZ PDULWDO WKH  GD\V OHDG WLPH DOVR FRXOG EH SRVVLEOH %XW LW LV DOVR QHHGV ILOO
DOO SURGXFWLRQ LQYHQWRU\ ILUVW
*HQHUDOO\ DW WKH ILUVW JODQFH QR PDWWHU 053 ILQLVK JRRG LQYHQWRU\ RU 053)36
WKH LQYHQWRU\ LV QHFHVVDU\ $OWKRXJK LW ORRNV FRVW D ORW RQ LQYHQWRU\ EXW LW ZLQV
FXVWRPHU RUGHUV HVSHFLDOO\  VHDWV HQJLQH LV D YHU\ VHGXFWLYH PDUNHW ZKLFK LV
ELJJHU WKDQ DQ\ PDUNHW 5ROOV5R\FH KDV JRW 7KH ODUJH DPRXQW RI SRWHQWLDO EHQHILW
FRXOG PDNH DQ\ LPSRVVLEOH WDUJHW SRVVLEOH QRW WR PHQWLRQ  GD\V OHDG WLPH KDV EHHQ
SURYHG WDQJLEOH E\ GDWDGULYHQ VLPXODWLRQ
:LWKLQ VHYHUDO PRQWKV ZRUNLQJ RQ GDWDGULYHQ VLPXODWLRQ GDWDGULYHQ VLPXODWLRQ KDV
H[KLELWHG LWV IDVFLQDWLRQ WR PH 7KH LGHD RI XVLQJ 6$3 (53 GDWDEDVH LV UHDOO\ D JHQLXV
SRLQW LQ VXSSO\ FKDLQ SHUIRUPDQFH SUHGLFWLRQ 'DWDGULYHQ VLPXODWLRQ VDYHG D ORW WLPH
DQG PRQH\ RQ VXSSO\ FKDLQ UHVHDUFK PRUHRYHU LW PDNHV H[SHULPHQW IRU QRW H[LVWHG
VXSSO\ FKDLQ SRVVLEOH ,Q WKH IXWXUH LW FRXOG EH XVHG LQ PXFK PRUH EURDG DUHD VXFK DV
TXDOLW\ PDQDJHPHQW PDQXIDFWXUH SODQQLQJ UHVHUYH ORJLVWLF RU HYHQ LQ WKH ILQLFDO
VHFWRU RI YLHZ
(YHQ WKRXJK QR PDWWHU KRZ H[FHOOHQW GDWDGULYHQ VLPXODWLRQ LV WKH NQRZOHGJH DQG
H[SHULHQFH RI VXSSO\ FKDLQ PDQDJHPHQW DUH VWLOO HVVHQWLDO WR VXFFHVV
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

5HIHUHQFH
5HIHUHQFH
%DLORU&  )RU &50 (53 DQG 6&0 6$3 /HDGV WKH :D\ 1HZ <RUN &50FRP
DYDLODEOH RQ
KWWSZZZGHVWLQDWLRQFUPFRPDERXWFRQWDFWDVS >DFFHVVHG RQ WK $XJXVW @
%HDPRQ %0  6XSSO\ FKDLQ GHVLJQ DQG DQDO\VLV PRGHOV DQG PHWKRGV
,QWHUQDWLRQDO -RXUQDO RI 3URGXFWLRQ (FRQRPLFV  
%RHLQJ  %RHLQJ )DFWV 86$ %RHLQJ DYDLODEOH RQ
KWWSZZZERHLQJFRPFRPPHUFLDOIDPLO\SISIBIDFWVKWPO >DFFHVVHG RQ WK
$XJXVW @
%ROVWRUII 3 	 5RVHQEDXP 5*  6XSSO\ &KDLQ ([FHOOHQFH $ +DQGERRN IRU
'UDPDWLF ,PSURYHPHQW 8VLQJ WKH 6&25 PRGHO 86$ $PDFRP
%RZHUVR[ '- 	 &ORVV '-  /RJLVWLFDO 0DQDJHPHQW 7KH ,QWHJUDWHG 6XSSO\
&KDLQ 3URFHVV 86$ 0F*UDZ+LOO &RPSDQLHV
%U\PDQ $ 4XDQWLW\ DQG 4XDOLW\ LQ 6RFLDO 6FLHQFH 1HZ <RUN 5RXWOHGJH S 
S  S 
&DR % 7DQQRFN - 	 .LP &  6XSSO\ &KDLQ 0RGHO %XLOGHU 8VHU 0DQXD 8.
9,9$&( FRQILGHQWLDQO
&KDVH 5 % -DFREV ) 5 $TXLODQR 1- 2SHUDWLRQV 0DQDJHPHQW IRU &RPSHWLWLYH
$GYDQWDJH /RQGRQ 0F*UDZ+LOO
&KRSUD 6 	 0HLQGO 3  6XSSO\ &KDLQ 0DQDJHPHQW VWUDWHJ\ SODQQLQJ DQG
RSHUDWLRQV 86$ 3HDUVRQ (GXFDWLRQ ,QF S
&RRSHU 0 /DPEHUW ' 3DJK -  6XSSO\ &KDLQ 0DQDJHPHQW 0RUH WKDQ D QHZ
QDPH IRU ORJLVWLFV ,QWHUQDWLRQDO -RXUQDO RI /RJLVWLFV 0DQDJHPHQW  6 
&RUGLHU ) 	 0DJQHQDW7KDOPDQQ 1  $ 'DWDGULYHQ $SSURDFK IRU 5HDOWLPH
&ORWKHV 6LPXODWLRQ 6ZLVV 8QLYHUVLW\ RI *HQHYD DYDLODEOH RQ 
KWWSZZZPLUDODEXQLJHFKSDSHUVSGI >DFFHVVHG RQ WK $XJXVW @
'DGOH\:HE -  8QGHUVWDWLQJ 5ROOV5R\FH¶V 6XSSO\ &KDLQV WKURXJK WKH
'HYHORSPHQW DQG 8VH RI D 'DWD 'ULYHQ 6LPXODWLRQ 7RRO 6RXWKDPSWRQ 8QLYHUVLW\ RI
6RXWKDPSWRQ
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)RUUHVWHU -:  ,QGXVWULDO '\QDPLF 1HZ <RUN /RQGRQ
)RUUHVWHU -:  ,QGXVWULDO G\QDPLF $ PDMRU EUHDNWKURXJK IRU GHFLVLRQ PDNHUV
+DUYDUG %XVLQHVV 5HYLHZ 9RO  -XO\$XJXVW 
+DKPLDV 6  3URGXFWLRQ DQG 2SHUDWLRQ $QDO\VLV VW HG  3XEOLVKHU 0F*UDZ
+LOO
+DQGILHOG 5% 1LFKROV (/  6XSSO\ &KDLQ 5HGHVLJQ 7UDQVIRUPLQJ 6XSSO\
&KDLQV ,QWR ,QWHJUDWHG 9DOXH 6\VWHPV 86$ )LQLFDO 7LPH 3UHQWLFH +DOO
+DUULVRQ 73 /HH +/ 1HDOH --  7KH 3UDFWLFH RI 6XSSO\ &KDLQ
0DQDJHPHQW :KHUH 7KHRU\ DQG $SSOLFDWLRQ &RQYHUJH 86$ 6SULQJHU 6FLHQFH	
%XVLQHVV 0HGLD S
+DUWPDQQ 6  7KH :RUOG DV D 3URFHVV 6LPXODWLRQV LQ WKH 1DWXUDO DQG 6RFLDO
6FLHQFHV LQ 5 +HJVHOPDQQ HW DO HGV 0RGHOOLQJ DQG 6LPXODWLRQ LQ WKH 6RFLDO
6FLHQFHV IURP WKH 3KLORVRSK\ RI 6FLHQFH 3RLQW RI 9LHZ 7KHRU\ DQG 'HFLVLRQ /LEUDU\
'RUGUHFKW .OXZHU  
+D\GHQ 5 :KHHOHU 0 DQG 6FKXOW] &  7XUER&KDUJH <RXU 6$3 6XSSO\
&KDLQ ZLWK 9RLFH VSRQVRUHG E\ 9R[ZDUH 0RWRUROD DQG 3($. 7HFKQRORJLHV
DYDLODEOH RQ
KWWSZZZELWSLSHFRPGDWDZHEESPGESPGBGHWDLOVMVS"UHV,G B
KWWSZZZELWSLSHFRPGDWDZHEESPGESPGBGHWDLOVMVS"UHV,G B
	SVUF '35/7
	SVUF '35/7
>DVVHVVHG RQ  $XJXVW @
-DIIH '7 6FRWW &'  0DQDJLQJ 3HUVRQDO &KDQJH 86$ &ULVS 3XEOLFDWLRQ
S
-DFTXHV 9  ,QWHUQDWLRQDO RXWVRXUFLQJ VWUDWHJ\ DQG FRPSHWLWLYHQHVV 3DULV
(GLWLRQV
.DSXVFLQNL 5  ,QYHQWRU\ 'HFLVLRQ LQ 'HOO¶V 6XSSO\ &KDLQ 3XEOLVKHU ,QIRUPV
.HOWRQ :' 6DGRZVNL 53 	 6WXUURFN ' 7  6LPXODWLRQ ZLWK $5(1$
6LQJDSRUH 0F*UDZ+LOO
.HQQHG\& 7KHRGRURSRXORV *  7RZDUGV ,QWHOOLJHQW 'DWD'ULYHQ 6LPXODWLRQ
IRU 3ROLF\ 'HFLVLRQ 6XSSRUW LQ WKH 6RFLDO 6HUYLFHV %LUPLQJKDP 8QLYHUVLW\ RI
%LUPLQJKDP DYDLODEOH RQ
KWWSZZZQFHVVDFXNUHVHDUFKVJSDLPVVBNHQQHG\B3ROLF\'HFLVLRQ6XSSR
UWSGI >DFFHVVHG RQ WK $XJXVW @
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

/HH + / 3DGPDQDEKDQ 9 	 :KDQJ 6HXQJMLQ  7KH %XOOZKLS (IIHFW LQ
6XSSO\ &KDLQV 6ORDQ 0DQDJHPHQW 5HYLHZ VSULQJ   
/HZLV 0 	 6ODFN 1  2SHUDWLRQV 0DQDJHPHQW &ULWLFDO 3HUVSHFWLYHV RQ
%XVLQHVV DQG 0DQDJHPHQW /RQGRQ 5RXWOHGJH
/\VRQV . )DUULQJWRQ %  3XUFKDVLQJ DQG 6XSSO\ &KDLQ 0DQDJHPHQW 86$
3HDUVRQ (GXFDWLRQ
0DGX &1 	 .XH&  (53 $QG 6XSSO\ &KDLQ 0DQDJHPHQW )DLUILHOG &KL
3XJK 3  7KH 0DJLF RI D 1DPH 7KH 5ROOV5R\FH 6WRU\ 3DUW  $ )DPLO\ RI
(QJLQHV &DPEULGJH ,FRQ %RRNV
5HPHQ\L '  'RLQJ UHVHDUFK LQ EXVLQHVV DQG PDQDJHPHQW  DQ LQWURGXFWLRQ WR
SURFHVV DQG PHWKRG

/RQGRQ 6DJH
5ROOV5R\FH  7UHQW 3RZHU IRU WKH %RHLQJ  8. 5ROOV5R\FH DYDLODEOH
RQ
KWWSZZZUROOVUR\FHFRPFLYLOBDHURVSDFHGRZQORDGVDLUOLQHVWUHQWBSGI
>DFFHVVHG RQ WK $XJXVW @
6LPFKL/HYL ' 	 .DPLQVN\ 3  0DQDJLQJ WKH 6XSSO\ &KDLQ 7KH 'HILQLWLYH
*XLGH IRU WKH %XVLQHVV 3URIHVVLRQDO 86$ 0F*UDZ+LOO
6RXWK 5  $ 6HUPRQ 'HOLYHUHG DW &KULVW&KXUFK 2[RQ %HIRUH WKH 8QLYHUVLW\
2FWRE   3URY ;,, /\LQJ /LSV DUH DERPLQDWLRQ WR WKH /RUG SS± LQ
6RXWK 5 7ZHOYH 6HUPRQV 3UHDFKHG 8SRQ 6HYHUDO 2FFDVLRQV 6HFRQG (GLWLRQ
/RQGRQ 6' IRU 7KRPDV %HQQHW 9ROXPH ,
6WDGWOHU 	 .LOJHU  6XSSO\ &KDLQ 0DQDJHPHQW DQG $GYDQFHG 3ODQQLQJ &RQFHSWV
0RGHOV 6RIWZDUH DQG &DVH 6WXGLHV %HUOLQ 6SULQJHU %HUOLQ
7DQQRFN - HW DO 'DWHGULYHQ VLPXODWLRQ RI WKH VXSSO\FKDLQ²,QVLJKWV IURP WKH
DHURVSDFH VHFWRU ,QWHUQDWLRQDO -RXUQDO RI 3URGXFWLRQ (FRQRPLFV 
GRLMLMSH
7DQQRFN -HW DO  'DWDGULYHQ 6LPXODLWRQ RI WKH 6XSSO\FKDLQ ,QVLJKWV IURP WKH
$HURVSDFH VHFWRU ,QWHUQDWLRQDO -RXQDO RI 3URGXFWLRQ (FRQRPLFV 
7DQQRFN - 	 .LP & 0RGHOOLQJ WKH 6XSSO\ &KDLQ 8. 9,9$&( FRQILGHQWLDQO
9ROOPDQQ 7(  0DQXIDFWXULQJ 3ODQQLQJ $QG &RQWURO 6\VWHPV IRU 6XSSO\ &KDLQ
0DQDJHPHQW  86$ 86$ 3HDUVRQ (GXFDWLRQ
$$
UHVHDUFK
UHVHDUFK
DERXW
DERXW
GDWDGULYHQ
GDWDGULYHQ
VLPXODWLRQ
VLPXODWLRQ
IRU
IRU
5ROOV5R\FH
5ROOV5R\FH


6HDWV
6HDWV
(QJLQH
(QJLQH
6XSSO\
6XSSO\
&KDLQ
&KDLQ

:DOGQHU -  3ULQFLSOHV RI &RPSXWHU ,QWHJUDWHG 0DQXIDFWXULQJ 8. :LOH\
ZHE0HWKRGV  ZHE0HWKRGV IRU 6$3 EH\RQG 6$3 %XVLQHVV &RQQHFWRU 
86$ZHE0HWKRGV DYDLODEOH RQ
KWWSZZZZHEPHWKRGVFRP3')ZHE0HWKRGVBIRUB6$3ZSSGI >DFFHVVHG RQ
WK $XJXVW @
=LOOPDQQ '%U\DQW -  6HOHFWLYH ([SRVXUH WR &RPPXQLFDWLRQ 1HZ -HUVH\
/DZUHQFH (UOEDXP $VVRFLDWHV S
$SSHQGL[
$SSHQGL[
,
,
%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

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%XVLQHVV 6FKRRO WKH 8QLYHUVLW\ RI 1RWWLQJKDP

